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Description 

BACKGROUND OF THE INVENTION 

5 FigWofthg Inv^ntign 

The present Invention relates to a promotion of wound-healing with a 15-ketoprostaglandin conpound. 
Prostaglandins (hereinafter, prostaglandins are referred to as PGs) are members of a dass of organic carboxylic 
acid that are contained in human and most other mammalian tissues or organs and tiiat exhibit a wide range of physi- 
10 ologlcal activities. Naturally occurring PGs possess as a common structural feature the prostanoic add skeleton: 

urn) 

COOH 



15 



20 



30 




(A) 



Some synthetic analogues have somewhat modified skeletons. The primary PGs are classified based on the structural 
feature of ttie five-membered cycle moiety into PGAs. PGBs. PGCs, PGDs. PGEs, PGFs. PGGs. PGHs. PGIs and 
25 PGJs, and also on the presence or absence of unsaturation and oxidation in the chain moiety as: 

SubsCTipt 1 - - - 13,14-unsaturated-15-OH 
Subscript 2 - - - 5,6- and 13.14-diunsaturated-15-OH 
Subscripts - • - 5,6- 13.14- and 17,18-triunsaturated-15-OH 



Furtiier, PGFs are sub-classified according to tiie configuration of hydroxy group at 9 into a(hydrQxy group being In tiie 
alpha configuration) and ^(hydroxy group being in tiie l^eta configuration). 



Background Information 

35 

It is known that the natural PGE^ has wound-healing promoting activity. Also, natural PGE^. PGE2 and PGE3 are 
known to have vasodilating, hypotensive, gastro-juice redudng, intestine-hyperkinetic, uterine contracting, diuretic, 
bronchodilating and anti-ulcer activities. Also, PGFi„, PGF2a and PGF^^ a"*© known to have hypertensive, vasocon- 
tracting. intestine- hyperkinetic, uterine contracting, luteo-regressive and bronchocontracting activities. 

40 In addition, some 1 5-keto (i.e. having an 0x0 group at position 1 5 in place of tiie hydroxy group) prostaglandins and 
13,14-dihydro-15-ketoprostaglandins are known as substances naturally produced by enzymatic actions during metab- 
olism of primary PGs (Acta Physiologica Scandinavica, 66, 509, 1966). It has also been described that 15-ketoprostag- 
landin Fga has an antipregnant activity. 

European Patent Application No. 0,310,305 describe ttiat 15-keto-PGs can be used as catharitics. However, it has 

45 not been reported that 15-ketoprostaglandin compounds are tiierapeutically effective in the promotion of wound-heal- 
ing. 

As a result of extensive studies about the biological properties of 15-ketoprostaglandin compounds, tiie present 
inventors have discovered that these compounds are useful as an agent for promoting healing of wound. 

so SUMI^ARYOFTHE INVENTION 



In a first aspect, tiie present invention provides a method for promoting healing of wound which comprises admin- 
istering, to a sut^ect in need of such promotion, a wound-healingly effective amount of a 15-ketopro8taglandin com- 
pound. 

55 In a second aspect, the present invention provides a use of a 1 5-ketoprostaglandin compound for the manufacture 
of a medicament for promoting healing of wound. 

In a tiiird aspect, ttie present invention provides a pharmaceutical composition for promoting healing of wound com- 
prising a 15-ketoprostaglandin compound in association witii a pharmaceutically acceptatrfe carrier, diluent or excipient. 
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DETAILED DESCRIPTION OF THE INVENTION 

The term "wound" means a state wherein a divarication or a transection is generated in a tissue by external (for 
exanr^le, mechanical, chemical, physical etc.) action. In a typical wound, a part of tissue, which Is not exposed to the 
5 air in the normal conditions, is exposed to the air. The wound Includes operative wound, accidental injury, intentiisnal 
injury, etc. The wound may occur at any part of the body. As some embodiment wound includes the comeal wound or 
Injury. 

While the corneal wound or injury may be caused by operative, traumatic or physical wound, bacterial or viral infec- 
tion of corneal, decrease in secretion of tear fluid, corneal dystrophy, ultra-violet in^adiation, etc.. in the present inven- 
10 tion, the corneal wound injury include all wound and injury irrespective of the cause. The operative wound includes 
wound by trepanation of cornea, keratoleptynsis. Keratectomy (for example, to remove keratorus or keratoleukoma). 
phacoerysis. iridotomy, etc. 

As used herein, the term "treatment" or "treating" refers to any means of control of a disease in a mammal, includ- 
ing preventing the disease, curing the disease, relieving the disease and arresting or relieving the development of the 
15 disease. 

The term "15-ketoprostaglandin compounds", refen'ed to as 15-keto-PG compounds, include any prostaglandin 
derivatives which have an oxo group In place of the hydroxy group at position 1 5 of the prostanoic acid nucleus In'espec- 
tive of the presence or absence of the double bond between position 13 and 14. 

20 NorngnglatVire 

Nomenclature of 15-keto-PG compounds herein uses the numbering system of prostanoic acid represented in for- 
mula (A) shown above. 

Write formula (A) shows a basic skeleton having twenty carbon atoms, the 15-keto-PQ compounds used in the 

25 present invention are not limited to those having the same number of carbon atoms. The carbon atoms in Formula (A) 
are numbered 2 to 7 on the a-chain starting from the a-catbon atom adjacent to the carboxylic carbon atom which is 
numbered 1 and towards the f ive-membered ring. 8 to 12 on the said ring starting from the cart)on atom on which the 
a-chain is attached, and 13 to 20 on the co-chain starting from the carbon atom adjacent to the ring. When the number 
of cartx)n atoms is decreased in the a-chain, the number is deleted in order starting from position 2 and when the 

30 number of carbon atoms Is Increased in the a-chain. conrpounds are named as substituted derivatives having respec- 
tive substituents at position 1 in place of carboxy group (C-1). Similarly, when the number of cartx)n atoms is decreased 
in the aH:hain, the number is deleted in order starting from position 20 and when the number of cartx)n atoms is 
increased in the c»-chain, compounds are named as substituted derivatives having respective substituents at position 
20. Stereochemistry of the compounds is the same as that of above formula (A) unless othenAfise specified. Thus. 15- 

35 keto-PQ compounds having 10 carton atoms in the co-chain is nominated as 15-keto-20-ethyl-PGs. 

The above formula expresses a specific configuration which is the most typical one. and In this specification com- 
pounds having such a configuration are expressed without any specific reference to it. 

In general. PGDs, PGEs and PGFs have a hydroxy group on the carbon atom at position 9 and/or 11 but in the 
present specification the term "15-keto-PG compounds" includes PGs having a group other than a hydroxyl group at 

40 position 9 and/or 1 1 . Such PGs are refen^ed to as 9-dehydroxy-9-substituted-PG compounds or 1 1 -dehydroxy-1 1 -sub- 
stituted-PG compounds. 

As stated above, nomenclature of 15-keto-PG compounds is based upon the prostanoic acid. These compounds, 
however, can also be named according to the lUPAC naming system. For example. 13,14-dihydro-15-keto-16R,S- 
fluoro-PGE2 is (Z)-7-{(1R,2R,3R)-3-hydroxy-2-[(4R,S)-4-fluoro-3-Qxo-1-octyl]-5-oxocycIopentyl}-hept-5-enic add. 

45 13.14-dihydro-15-keto-20-ethyl-11-dehydroxy-11R-methyl-PGE2 methyl ester is methyl 7-{(1 R.2S.3S)-3-methyl-2-[3- 
oxo-1-decyl]-5-oxo-cyclopentyl}-hept-5-enoate. 13,14-dihydro-6,15-diketo-19-methyl-PGE2 ethyl ester is ethyl 7- 
{(1 R,2S,3S)-3-hydroxy-2-(7-methyl-3-oxo-1 -octyl)-5-Qxo-cyclopentyl}-6-oxo-heptanoate. 13,1 4-dihydro-1 5-keto-20- 
ethyl-PGF2a isopropyl ester is isopropyl (Z)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-{3-oxo-1-decyO-cyclopentyI]-hept-5- 
enoate. 13.14-dihydro-15-keto-20-methyl- PGF2a methyl ester is methyl (Z)-7-[(1R,2R.3R.5S)-3.5-dihydroxy-2-{3-oxo- 

50 1-nonyl}-cyclopentyl]-hept-5-enonate. 

Preferred Compounds 

The 15-keto-PG compounds used in the present invention may be any derivatives of PG insofar as they have an 
55 0X0 group at position 15 In place of the hydroxy group, and may have a double bond between positions 13 and 14 (15- 
keto-PG subscript 1 compounds), two double bonds between positions 13 and 14 as well as positions 5 and 6 (15-keto- 
PG subscript 2 compounds), or three double bonds between positions 13 and 14. positions 5 and 6 as well as positions 
17 and 18 (15-keto-PG subscript 3 conpounds), and may have a single bond between positions 13 and 14 (13.14-dihy- 
dro-1 5-keto-PG compounds). 
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Typical examples of the compounds used In the present Invention are 15-keto-PQ subscript 1. 15-keto-PQ sub- 
script 2, 15-keto-PG subscript 3. 13,14-dihydro-15-keto-PG subscript 1, 13,14<lihydro-15-keto-PG subscript 2, and 
13,14-dihydro-15-keto-PG subscript 3, wherein PG is as defined above as well as their derivatives. 

Examples of substitution products or derivatives include esters at the carboxy group at the alpha chain, pharma- 
5 ceutically or physiologically acceptable salts, unsaturated derivatives having a double bond or a triple bond between 
positions 2 and 3 or positions 5 and 6, respectively, substituted derivatives having substituent(s) on cartx)n atom(s) at 
position 3, 5. 6. 16. 17, 19 and/or 20 and compounds having lower alky! or a hydroxy (lower) alky! group at posKion 9 
and/or 1 1 in place of the hydroxy group, of the above PGs. 

Examples of substituents present in preferred compounds are as follows: Substituents on the cartoon atom at posi- 
10 tion 3, 1 7 and/or 1 9 include lower alkyl. for example. 0^.4 alkyl. especially methyl and ethyl. Substituents on the carbon 
atom at position 16 include lower alkyl e.g. metiiyl, ethyl etc.. hydroxy and halogen atom e.g. chlorine, fluorine, aryloxy 
e.g. trifluoromethylphenoxy, etc. Substituents on the carbon atom at position 17 include halogen atom e.g. chlorine, flu- 
orine, etc. Substituents on the cartx)n atom at position 20 include saturated and unsaturated lower alkyl e.g. 0^.4 alkyl. 
lower alkoxy e.g. C1.4 alkoxy and lower alkoxy (lower) alkyl e.g. C1.4 alkoxy-Ci.4 alkyi. Substituents on the carbon atom 
15 at position 5 include halogen atom e.g. chlorine, fluorine, etc. Substituents on the carbon atom at position 6 include oxo 
group forming carbonyl. Stereochemistry of PGs having hydroxy, lower alkyl or lower (hydroxy) alkyl substituent on the 
carbon atom at position 9 and/or 1 1 may be alpha, beta or mixtures thereof. 

Said derivatives may have an alkoxy, phenoxy or phenyl group at the end of the omega chain where the chain Is 
shorter than the primary PGs. 

20 Especially prefen-ed compounds are tiiose having a lower alkyl e.g. methyl, etiiyl etc., a halogen atom e.g. chloro, 
f luoro etc. at position 16, those having a halogen atom e.g. chloro, fluoro etc. at position 1 7, those having a lower alkyl 
e.g. metiiyl. ethyl etc. at position 19. tiiose having a halogen atom e.g. chloro, fluoro etc. at position 5. those having an 
0x0 group at position 6. those having a lower alkyl, e.g. methyl, ethyl, etc. at position 20 and tiiose having phenyl or phe- 
noxy which are optionally substituted with halogen or haloalkyi at position 16 in place of tiie rest of the alkyl chain. 

25 A group of preferred oonpounds used in the present invention has the formula 



30 



35 



40 

wherein X and Y are hydrogen, hydroxy, halo, lower alkyl, hydroxy(lower)alkyi, or 0x0, witii the proviso tiiat at least 
one of X and Y is a group otiier tiian hydrogen, and 5-membered ring may have at least one double bond, 
Z is hydrogen or halo, A is -CH2OH. -COCH2OH, -COOH or its functional derivative, B Is -CH2-CH2, - 
CH-CH- or -CsC-, is bivalent saturated or unsaturated, lower or medium aliphatic hydrocartx>n residue 
45 which is unsubstituted or substituted with halo, oxo or aryl, R2 is saturated or unsaturated, lower or medium 

aliphatic hydrocarbon residue which is unsubstituted or substituted with halo, hydroxy, 0x0. lower alkoxy, 
lower alkanoyloxy. cyclo(lower)alkyl, aryl or aryloxy. 



50 



55 
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Among the compounds of the above formula, the compounds represented by the following formula are preferred. 



10 




CH2-C0-C;^(CH2)3-C00Ra 

Qi Q2 
E-C0-Rb-8c 



(n) 



IS 

wherein is halogen, Q2is hydrogen or halogen, E is -CH2-CH2- or -CH=CH'. Ra is hydrogen or lower alkyl. Bb is 
single bond or lower all<ylene. and Rc is lower alkyi which is unsubstituted or substituted with halogen, lower 
cycloallcyl which is unsubstituted or substituted with lower alkyl. monocyclic aryl which is unsubstituted or 
substituted with halogen or halo(lower) alkyl. or monocyclic aryloxy which is unsubstituted or substituted 
20 with halogen or halo(lower) alkyl 

or a pharmaceutically acceptable salts in case of Ra is hydrogen. 

Also, amoung the compound of the above formula, the compounds represented by the following formula are pre- 
ferred. 



25 



30 



35 



P /CH2-D-W-CCH2)2-C00Ra' 




(m) 

E-CO-C-Rb' -Rc' 

/\ 

or 112' 



wherein 

are hydrogen atom, hydroxy, lower alkyl, hydroxy(lower)alkyl or 0x0, provided that at 
least one of L and M is not hydrogen atom and that the five-membered ring may have 
one or two double bonds, 
are hydrogen atom, halogen atom or lower alkyl, 
is -CH2-CH2-, •CH=CH-, -C-C- or -CO-CHg-. 
ls-CH2-CH2-or.CH=CH-. 
iS-CHg-CHg-CHg-. -CH=CH-CH2 or -CH2-CH=CH-, 

is hydrogen atom, lower alkyl, cyclo(lower)alkyl, monocyclic aryl, monocyclic 
aryl(lower)alkyl or monocyclic arG^(lower)alkyl, 
is single bond or lower alkylene, 

is lower alkyl which is unsubstituted or substituted with halogen, lower cydoalkyl which 
is unsubstituted or substituted with lower alkyl, monocyclic aryl which is unsubstituted or 
substituted with halogen or halo(lower)alkyl, or monocyclic aryloxy which is unsubsti- 
tuted or substituted with halogen or halo(lower)alkyl. 

55 or a pharmaceutically acceptable salt when R^ is hydrogen atom. 

In the above formula, the term "unsaturated" in the definitions for R^ and R2 is intended to include at least one and 
optionally more than one double bond and/or triple bond isolatedly, separately or serially present between carbon 
atoms of main and/or side chain. According to usual nomenclature, an unsaturation between two serial positions is rep- 
resented by denoting younger number of said two positions, and an unsaturation between two distal positions is repre- 



40 L and M 



Qi' and Q2' 
D 

45 E 
W 
Ra' 



Rb' 

50 Rc' 
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sented by denoting both of the positions. Preferred unsaturation is a double bond at position 2 and a double or triple 
bond at position 5. 

The term "lower or medium aliphatic hydrocarbon residue" refers to a straight or branched chain hydrocarboyi 
group having 1 to 14 cartx)n atoms (for a side chain. 1 to 3 carbon atoms being pretended) and preferably 2 to 8 carbon 
5 atoms for and 2 to 10 carbon atoms for Rg. 

The term "halo" denotes f luoro, chloro, bromo and iodo. 

The term "lower" is intended to Include a group having 1 to 6 carbon atoms unless othenwise specified. 

The term "lower alky!" as a group or a moiety in hydroxy(lower)alkyl includes saturated and straight or branched 
chain hydrocartwn radicals containing 1 to 6. preferably 1 to 5 and more preferable 1 to 4 cart)on atoms, such as methyl, 
10 etiiyl, propyl, isopropyl. butyl, isobutyl, t-butyl. pentyl and hexyl. 

The term "lower alkox/* refers to the group lower-alkyl-0- wherein lower alkyi is as defined above. 

The term lower alkytene" refers to the group obtainable by removing a hydrogen atom from the lower alkyI group 
as defined above and includes e.g. methylene, etiiylene. propylene, tetramethylene, 2-methyltetramethylene. pentam- 
ethylene, hexamethylene etc. 

15 The term "halo(lower) alkyi" refers to lower alkyI group as defined above which is substituted with at least one and 
preferably 1 to 3 halogen atoms as defined above and includes e.g. chloromethyl. bromomethyt, fluoromethyt. trifluor- 
omethyl. 1 ,2-dichloromethyI, 1.2.2-trlchloroetiiyl, chloropropyl, chlorobutyl. chloropentyl, chlorohexyl etc. 

The term "hydroxy(lower)alkyr refers to alkyI as defined above and substituted with at least one hydroxy group, 
such as hydroxymethyl, 1-hydroxyethyl. 2-hydroxyethyl and 1 -methyl- 1-hydroxyethyl. 
20 The term "lower alkanoyloxy" refers to a group of the formula: RCO-0- wherein RCO- is an acyl group formed by 
oxKlation of a lower alkyI group as defined above, e.g. acetyl. 

The term "cyclo(lower)alkyl" refers to a cyclic group formed by cyclization of a lower alkyI group as defined above. 
The term "aryl" includes unsubstituted or substituted aromatic carbocydic or heterocyclic (preferably monocyclic) 
groups, e.g. phenyl, tolyl, xylyl and thienyl. Examples of substituents are halo and halo(lower} alkyl wherein halo and 
25 lower alkyl being as defined above. 

The term "aryloxy" refers to a group of the formula: ArO- wherein Ar is aryl as defined above. 
The term "monocyclic aryl" includes phenyl unsubstituted or substituted vnih lower alkyl substituents. e.g phenyl, 
tolyl. xylyl. cumenyl etc. 

The term "monocyclic aryloxy" refers to a group of the formula: m.Aro-wherein mAr is monocyclic aryl as defined 
30 above and includes e.g. phenoxy, tolyloxy, cumenyloxy etc. 

The term "monocyclic aryl(lower)alkyl" refers to a group consisting of monocyclic aryl and lower alkyl, both as 
defined above, combined together, and Includes, for example, benzyl, phenethyl, tolylmethyl etc. 

The term "monocyclic aroyl(lower)alkyr refers to a group consisting of monocyclic aroyi such as benzoyl unsubsti- 
tuted or substituted with lower alkyl substituent and lower alkyl as defined above combined together, and includes phen- 
35 acyl(benzoylmetiiyl), toluoylmetiiyl. xyloylmethyl. etc. 

The term "functional derivative" of carboxy as A includes salts (preferably pharmaceutically acceptable salts), 
esters and amides. 

Suitable "pharmaceutically acceptable salt" includes conventional non-toxic salt, and may be a salt with an inor- 
ganic base, for example a metal salt such as an alkali metal salt (e.g. sodium salt, potassium salt, etc.) and an alkaline 

40 earth metal salt (e.g. calcium salt, magnesium salt, etc.), ammonium salt, a salt witii an organic base, for example, an 
amine salt (e.g. methylamine salt, dimethylamine salt, cydohexylamine salt, benzylamine salt, piperidine salt, ethylen- 
ediamine salt, ethanolamine salt, diethanolamine salt, triethanolamine salt. tris(hydroxymethylamino)ethane salt, mon- 
omethylmonoetiianolamine salt, procaine salt, caffeine salt, etc.), a basic amino add salt (e.g. arginine salt, lysine salt, 
etc.), tetraalkylammonium salt and the like. These salts can be prepared by the conventional process, for example from 

45 the corresponding add and base or by salt interchange. 

Examples of the esters are aliphatic esters, for example. 0^6 ester such as metiiyl ester, ethyl ester, propyl 
ester, isopropyl ester, butyl ester, isobutyl ester, t-butyl ester, pentyl ester. 1-cyclopropylettiyl ester, etc., lower alkenyl 
ester such as vinyl ester, allyl ester, etc., lower alkynyl ester such as ethynyl ester, propynyl ester, etc.. hydroxy(lower) 
alkyl ester such as hydroxyethyl ester, lower alkc»(y(lower)-aIkyl ester such as metiioxymethyl ester, 1-methoxyethyl 

50 ester, etc., and aromatic esters, for example, optionally substituted aryl ester such as phenyl ester, tolyl ester, t-butyl- 
phenyl ester, salicyl ester, 3.4-di-methoxyphenyl ester, benzamidophenyl ester etc., aryI(lower)alkyl ester such as ben- 
zyl ester, trityl ester, benzhydryl ester, etc. Examples of tiie amides are mono- or di- lower alkyl amides such as 
methylamide. etiiylamide. dimetiiylamide, etc., arylamide such as anilide. toluidide. and lower alkyl- or aryl-sulfonyla- 
mide such as metiiylsulfonytamide, etiiylsulfonylamide, tolylsulfonylamide etc. 

55 Preferred examples of A indude -CX)OH, -CCXDCHs. -CCX)CH2CH3. •CXX)CH(CH3)2 and -CONHSO2CH3. 

Examples of prefen-ed Ri are -(CH2)2S -(CH2)6-. -CH2CO(CH2)2-, -CH2CH=CH(CH2)3-. -CH2CO(CH2)4-, • 
(CH2)2CH=CH(CH2)2-. -(CH2)4CH=:CH-, -CH2CH=C=CH(CH2)2- etc. 

Examples of prefen-ed R2 are -(CH2)2CO(CH2)4-CH3, -(CH2)2CO(CH2)4-COOH. -(CH2)2COC(CH3)2(CH2)3-CH3. - 
(CH2)2COCH20-phenyl, -(CH2)2COCH20-methachlorophenyl. -{CH2)2COCH20-metiiatrifluorophenyl. -(CH2)2- 
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COCH20-3-thienyl. -{CH2)2CO(CH2)2i)henyl, •(CH2)2COCH2CH(CH3)(CH2)CH3. -(CH2)2COC{CH3)2.CH20CH2CH3, 
-{CH2)2COCH(CH=CH)(CH2)3CH3, -{CH2)2CX)-cyclopentyI. -{CH2)2CO-cyclohexyl. -(CH2)2CO(CH2)2-cyclohexyl, - 
(CH2)2COCH2CH(CH3)(CH2)CH=C-(CH3)2. -(CH2)2COCH(CH3)CH2CC«CH. -CH=CHCO(CH2)4-CH3, -CH=CH- 
COC(CH3)2(CH2)3-CH3, -CH=CHC0CH20-phenyl. -CH=CHCO-CH20-methachlorophenyI. -CH=CHC0CH20-meth- 
5 atrifluorophenyl, -CH=CHCOCH20-3-thienyl, -CH=CHCO(CH2)2-phenyl. -CH=CHCOCH2CH(CH3)(CH2)3CH3. - 
CH=CHCOC(CH3)2CH20CH2CH3, -CH=CHCOCH(CH=CH)(CH2)3CH3. -CH=CHCO-cyclopentyl. -CH=CHCO- 
cyclohexyl. -CH=CHCOCH2CH(CH3)(CH2)2CH=C{CH3)2, -CH=CHCX)CH(CH3)CH2CC=CH. •CH=CHC0CH(CH3). 
(CH2)4CH3 etc. 

The configuration of the ring and a- and/or co-chain In the above formulas (I) and (II) may be the same as or different 
10 from that In the natural prostaglandins. However, the present invention also Include a mixture of a compound having 
natural configuration and that of unnatural configuration. 

Examples of the typical compounds of the present invention are 15-keto-PGs and 13.14<lihydro-15-keto-PGs and 
their derivatives such as 6-oxo-derivatives, A^-derivatives, SR.S-methyl-derlvatives, 5R.S-fluoro-derivatives. 5,5-dif- 
luoro-derivatives, 16R.S-methyl-derivatives, 16.16-dimethyl<lerivatives, 16R,S-fluoro-derivatives, 16,16-difluoro-deriv- 
15 atives. 17S-methyl-derivatives, 17R,S-fluoro<jerivatives, 1 7, 17-dlf luoro-derivatives, 19-methyl-derivatives. 20-melhyl- 
derivatives. 20-ethyl-derivatives, 19-desmethyl-derivatives, 16-desbutyl-16-phenoxy-derivatives and 2-decarboxy-2- 
cart)oxyalkyl derivatives. 

In the 15-keto-PG compounds used in the present Invention, when the bond between 13- and 14-positions is satu- 
rated, a keto-hemiacetal equilibrium may sometimes be formed by the formation of a hemiacetal between the hydroxy 
20 group at 1 1 -position and the keto group at 1 5-position. 

When these tautomeric Isomers are present, the ratio of the existing isomers will vary depending on the structure 
of other part of the molecule or tiie kind of possible substituents and In some cases one of the isomers is predominantiy 
present. The present invention, however, Includes both isomers, and while any compound of the invention may be rep- 
resented by a structure or nomenclature of keto-type, this should be understood as a matter of mere convenience and 
25 should not be considered to be Intended to exclude the compound in hemiacetal type isomer. 

In the present invention, indivisionat tautomeric isomers, a mixture thereof, or optical isomers, a mixture thereof, 
racemic mixture and other isomers such as stereoisomers can be used in the some purpose. 

Some of the compounds used in the present invention are novel and may be pr^ared by tiie metfiod disclosed in 
Japanese Patent Publications A-64-52753. A-1-104040. A-1-151519. A-2-131446. A-3-29310 etc. Alternatively, these 
30 compounds nfiay be prepared by a process analogous to tiiat described herein or to known process. 

A practical preparation of the 15-keto compounds involves tiie following steps: refemng to the Syrrthetic Charts I to 
III. reaction of the aldehyde (2) prepared by the Collins oxidation of commercially available (^-Corey lactone (1) with 
dimettiyl (2-oxoheptyl)phosphate anion to give a,p-unsaturated ketone (3). reduction of the a,p-unsaturated ketone (3) 
to the corresponding saturated ketone (4), protection of the carbonyl group of tiie ketone (4) witi^ a diol to the con^e- 
35 spending ketal (5), and deprotection of tiie p-phenylbenzoyi group to give the con'esponding alcohol (6) followed by pro- 
tection of the newly derived hydroxy group with dihydropyrane to give tiie corresponding teti-ahydropyranyl ether (7). 
According to the above process, a precursor of PGEs wherein co-chain is a 13,14<lihydro-15-keto-alkyl group is pre- 
pared. 

Using tiie above tetrahydropyranyl ether (7), 6-keto- PGE^s (15) of which a group constituted with cartoon atoms at 
40 positions 5. 6 and 7 is 

-CH^-C(0)-CH^-, 
7^6 5 ^ 

45 

may be prepared In tiie following steps; reduction of the tetrahydropyranyl etiier (7) with, for example, diisobutyl alumi- 
num hydride to give the corresponding lactol (8), reaction of tiie lactol (8). witii tiie ylide generated from (4-cartx)xy- 
butyl)triphenyl phosphonium bromide followed by esteriflcation (10), cyclization between tiie 5.6-double bond and tiie 
50 hydroxy! group at 9-position with NBS or iodine to give tiie halogenated compound (11), dehydrohalogenation of tiie 
compound (1 1) witii. for eoample, DBU to give ttie 6-keto compound (13) followed by Jones oxidation and removal of 
the protecting groups. 

Furtiiermore. PGE2S (19) of which a group constituted with carbon atoms positions 5. 6 and 7 is 

^ -CH^-CH=»CH- 

7^6 5 
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may be prepared in the following steps; as shown in the Synthetic Chart II, reduction of the above tetrahydropyranyl 
ether (7) to give the lactol (8), reaction of the resultant lactol (8) with the ylide derived from (4-carboxybutyI-)trlphenyl 
phosphonium bromide to give the carfooxylic acid (16) followed by esterification to give ester (1 7), Jones oxidation of the 
esters (17) to give the compound (18), and renrtoval of the protecting groups. 

Using the above the tetrahydropyranyl ether (7) as the starting material, the compound having 

-CH-5-CH;5-CH,- 
7 ^ 6 ^ 5 ^ 



may be prepared by using the same process as that for preparing PGE2 having -CH2CH=CI-1- and subjecting the result- 
ant compound (18) to catalytic reduction for reducing the double bond between the positions 5 and 6 followed by 
removal of the protective groups. 

Synthesis of 5.6<lehydro-PGE28 having 

-CH^-C=C- 
7 ^ 6^5 



nnay be carried out by capturing a copper enolate formed by 1 ,4-addition of a monoalkylcopper complex or a dialkylcop- 
per complex of the following formulae: 




wherein Q is alkyt 

to 4R-t-butyldimethylsilyloxy-2-cyclopenten-1-one with 6-alkoxycarbonyl-1-iodo-2-hexyne or the derivatives. 
The 1 1-p type PGEs can be prepared according to the Synthetic Chart 111. 

PGE derivatives having methyl group at position 1 1 in place of hydroxy can be prepared by reacting a dimethyl cop- 
per complex with PGA-type compound obtained by subjecting 9-hydroxy-1 1-tosylate to tiie Jones oxidation. Alterna- 
tively, they can be prepared by protecting carbonyl of saturated ketone (4) produced by reduced by reducing 
unsaturated ketone (3), eliminating p-phenylbenzoyi and tosylating the produced alcohol, freating with DBU to form a 
lactol, introducing the alpha-chain by Wittig reaction, oxidizing the alcohol at 9-position to give PGA-type compound, 
and reacting tiie product witii dimethyl copper complex in order to introduce a metiiyl group into position 1 1 to give 1 1 - 
methyl-PGE-type compound, which on reduction with e.g. sodium borohydride gives 11 -methyl -PGF-type compound. 
1 1 -hydroxymethyl-PGE-type compound, is obtained by a benzophenone-sensitized photoaddition of metiianol of PGA- 
type compound, which is reduced with e.g. sodium borohydride to give 1 1 -hydroxymethyl-PGF-type compound. The 1 6- 
mono- or 16.16- di-halo type PGEs can be prepared according to the Synthetic Chart IV. The synthetic route for tiie 
compounds used in the present invention is not limited to the above one and may vary using different protecting, reduc- 
ing and/or oxidizating metiiods. 

Furthermore, the novel compounds of the formula III may be prepared by the following process, as summarized in 
Synthetic Charts V to VII. wherein PI , P2, P3, P4, P5. P6, P7, P8, Pa, Pb, Pc and Pd are protective groups, R'a is lower 
alkyi and Rb and Rc are tiie same as above. 

Referring to Synthetic Chart V, a protected Corey lactone (40) (commercially available) having a suitable protective 
group (e.g. 4-phenylbenzoyl) is oxidized (e.g. by Collins oxidation) and the produced aldehyde (41) is reacted witii (2- 
oxoalkyl) phosphonic acid ester having desired R2 and R3 groups to give the conrpound (42). The 0x0 group is reduced 
to form (43). which is converted into (44) by protecting reaction. The acyl group at position 1 1 is removed to produce 
(45), to which another protective group (e.g. tetrahydropyramyl) is introduced to give (46). The lactone ring is opened 
with alkali to form a cart^oxylic acid which, on esterification, gives (47). A protective group (e.g. teti'ahydropyranyl) is 
introduced into (47) to give (48). After reducing tiie ester group by a reducing agent (e.g. by isobutylatuminum hydride) 
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into an aldehyde group, the produced compound is reacted with an a-chain introducing agent (f) in the presence of a 
basic condensing agent (e.g. litium isopropyl amide) to form (49), of which the terminal group In a-chain Is d^rotected 
to produce (50). The obtained alcohol Is oxidized (e.g. by Collins oxydation) and then esterified to give (51) and the 
group at position 5 is decartx)xylated to afford (52). A protective group is removed by a method according to the nature 
of said group to form (53). which Is reduced (e.g. catalytically) to form (54), which, on oxidation (e.g. by Collins oxida- 
tion) of position 15 gives (55). Deprotection of (55) produces (56), which, after protecting position 1 1 alone. Is oxydized 
(e.g. by Collins oxydation) to give (57). This Is deprotected to afford the desired (58). In the above process, when the 
reduction of (53) to (54) is omitted, an unsaturated compound is obtained. A compound wherein Ra Is hydrogen can be 
obtained by hydrolyzing the compound (58). 

The a-chaIn introducing agent (f) is prepared by a process shown in Synthetic Chart VI. Thus, E-caprolactone (a) 
Is ring-opened by an alcohol which can form the cartx)xy protective group Pa to give (b). The hydroxy group is protected 
to give (c). which is decartx)xylated to (d), halogenated to (e) and then subjected to halogen exchange reaction to afford 
the compound (f). 

In another process referring to Synthetic Chart VII, the protected Corey lactone (40) is converted into the com- 
pound (59) by reaction steps similar to that from (1) to (7) in synthetic Chart I. TTie compound (59) is hydrolyzed by alkali 
(e.g. sodium or potassium hydroxide) to form the free add (60), which is esterified (e.g. with diazomethane) to give (61). 
After protecting tiie hydroxy group at position 9 giving (62), the ester group Is reduced (e.g. by lithium aluminum hydride) 
to produce an alcohol (63) and newly formed hydroxy group is oxidized (e.g. by Swan oxidation) to an aldehyde (64). 
The aldehyde is reacted with an a-chain introducing agent (i) in the presence of zinc dust and mercuric chloride under 
ultrasonic in-adiation to produce the compound (65). This is deprotected to form (66) and hydrogenated (e.g. over Pd/C) 
to afford (67), which is then oxidized in two steps (e.g. swan oxidation and Jone's oxidation), via (68). to give (69). The 
acid (69) is deprotected either directiy to (71) or via ester (70) to (72). 

The a-chain introducing agent (i) is prepared by a process shown is synthetic Chart VIII. Thus, tiie acetylenic alco- 
hol (g) is protected to form (h), which is reacted with difromodrfluoromethane to produce (i). 

Referring to Synthetic Chart IX. the compound (73) (for example, a compound wherein Q^' and Q2' are hydrogen 
Is the compound 8 desaibed in Synthetic Chart I on page 37 of JP-A-52753/1989) Is reacted witii a ylld produced from 
(6-cartx)xyhexyl)triphenylphosphonlum bromide to form the compound (74), which is esterified to give tiie compound 
(75). which, on removal of tiie protective groups, can give the compound (76). Also, referring to Syntiietic Chart X. tiie 
above compound (75) is oxidized by Jones oxidation to form the compound (77), which can be given the compound (78) 
by removing the protective groups. The compounds wherein W is -CIHsCH-CH2- or -CIH2-CI-I=CH- can be prepared by 
reacting the compound (73) with a ylld produced from (6-carboxy-2-hexenyl)triphenylphosphonlum bromide or (6-car- 
boxy-3-hexenyl)ti'iphenylphosphonium bromide, respectively, and the treating the formed compound in a manner similar 
to tiiat above. 

In another example, referring to Syntiietic Chart XI, the compound (80), obtained by deprotecting tiie compound 
(79) which is commercially available, is oxidized by Swern oxidation to give tiie aldehyde (81), which is reacted witii 2- 
oxoheptyl phosphonate (for example, 3,3-dihalogenated derivative) to give the compound (82). Catalytic reduction of it 
gives the compound (83), the ketone moiety of which is reduced by sodium borohydride to form the compound (84). 
This is further reduced by diisobutylaluminum hydride to give the lactol (85). On reaction with carboxyhexylphospho- 
nium bromide, it gives tiie compound (86), which is esterified to the compound (87), oxidized to tiie compound (88) and 
deprotected to the compound (78). If desired, this can be hydrolyzed to the free add (89). Also, in the Synthetic Chart 
XII. tiie above compound (87) can be catalytically hydrogenated to form the compound (90), which Is oxidized by Swern 
oxidation to give the compound (91) and tiien deprotected to form tiie desired connpound (92). 

In the above process, when the reduction in the step from tiie compound (82) to the compound (73) is omitted, a 
conpound wherein Z is -CH=CH- is obtained. 

Further, when the compounds of tiie formula (I) wherein L is otiier than OH (for example, lower alky!) are desired, 
the lactone moiety in the compound obtained by removing the protective group at position 1 1 and introducing a protec- 
tive group in position 15 of the compound (84) is reduced to lactol and then an a-chain is introduced to the product by 
Wittig reaction. Then tiie hydroxy group at position 1 1 is protected by a tower alkane- or monocyclic aryt-sulfonate group 
and tiie product is subjected to oxidation (for example, Jones) to give 10-en-9-one compound, which is reacted with 
lower alkyl lithium to fonn a 1 1 -lower alky! compound. Compounds of PGD-type can be obtained by oxidizing tiie 11- 
deprotected compounds. Compounds of PGA-type can be obtained from the 10-en-9-one compounds. In addition, as 
shown in Synthetic Chart XIII, 6-keto compounds can be obtained by reacting tiie compound (75) with N-bromosucdn- 
imide or iodine to form tiie compound (93), followed by treatment with DBU. The 5,6-dehydro (i.e. acetylenic) com- 
pounds can be prepared, according to Synthetic Chart XIV. by reacting tiie copper enolate. formed by reacting tiie 
compound (95) with a copper complex, witii 8-alkoxycarbonyl-1-lodo-2-octyne. Saturated a-chain Introducing agent are 
prepared as shown in Synthetic Chart XV. 

In a furtiier example, according to Synthetic Chart XVI. tiie hydroxy group at position 15 of the compound (84) is 
protected (for exanple, by silyl protective group) to form the conrpound (97) and lactone moiety of which is reduced to 
lactol giving tiie compound (98), which is then reacted with an a-chain Introducing agent (for example, a ylid produced 
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from (6-carboxyhexyl)triphenyl phosphonium bromide) to give the compound (99). Then the carboxy group is protected 
to form the compound (100) and the hydroxy group at position 9 is protected to form the compound (101). The protec- 
tive group at position 15 is removed to give the compound (101). which is oxidized to the compound (1 02). Deprotection 
at positions 9 and 1 1 gives the desired compound (104). 
5 Further, as shown in Synthetic Chart XVI t, the compound (86) obtained as in Synthetic Chart XI is protected with 
a protective group removable by catalytic hydrogenation (for example, benzyl) to form the compound (87). which is oxi- 
dized at position 9 and deprotected at position 1 1 to give the compound (78). Catalytic hydrogenation of this compound 
gives the desired compound (105). 
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Synthetic Chart XIV 
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Svnthetic Chart 
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(106) 



Since the above 15-keto-PQ cx>mpounds have action promoting healing of wound, they are useful in promotion of 
25 wound-healing. Such activities can be measured by the standard methods, for example, methods using experimental 
wound model. 

The compounds used in the present invention may be used as a medicine for animals and human beings and usu- 
ally applied systemically or locally by the method of oral administration. Intravenous injection (including instillation), sub- 
cutaneous injection, rectal administration and the like. While the dosage will vary depending on the animal or human 
30 patient, age, body weight, symptom to be treated, desired therapeutic effect, administration route, term of treatment and 
the like, satisfactory effects will be obtained with the dosage of 0.01 - 100 ^g/eye administered locally (i.e. ocularly) or 
0.001 - 500 mg/kg administered in 2 to 4 divided doses a day or as a sustained form. 

The external Concluding ophthalimic) composition used according to the invention Includes external (including oph- 
thalmic) solution, opthalmic ointment and the like. The external (including ophthalmic) solution can be prepared by dis- 
ss solving an active ingredient in a sterile aqueous solution such as a physiological saline or a buffered solution, or as a 
combination of a solid and a solution for dissolving said solid to make a ready-to-use preparation. The external (includ- 
ing ophthalmic) ointment can be prepared by mixing an active ingredient with an oinment base. 

As solid composition of this invention for oral administration, tablets, torches, buccals, capsule, pills, powders, gran- 
ules and the like are included. The solid composition containing one or more active substances is mixed with at least 
40 an inactive diluent such as lactose, mannltol, glucose, hydoxypropyl cellulose, micro crystalline cellulose, starch, poly- 
vinyl pyrolidone. magnesium aluminate metasilicate. The composition may contain additives other than the inactive dilu- 
ent, such as lubricants e.g., magnesium stearate, a disintegrator e.g. cellulose calcium gluconates, stabilizers e.g. a, p- 
or -y^cyclodextrins, etherated cyclodextrlns (e.g. dimethyl-a-, dimethyl-p-. trimethyl-p-, or hydroxypropyl-p-cydodextrins), 
branched cyclodextrins (e.g. glucosyl- or maltosyl-cyclodextrins), fbrmyl cyclod^ins, sulfur-containing cydodextrins, 
45 misoprotols or phospholipids. Such cyclodextrins may form complex to increase the stability of the compounds. The sta- 
bility may be often increased by forming lyposome with phospholipids. Tablets and pills may be coated with an enteric 
or gastroenteric film such as white sugar, gelatin, hydroxypropylcellulose, hydroxypropylmethylcellulose phthalates and 
the like, if necessary, and furthermore they may be covered with two or more layers. Additionally, the composition may 
be in the form of capsules made of substance easily absorbed such as gelatin. Further, when rapid effect is required, it 
so may be in the form of buccal, in which glycerol, lactose etc are used as a base. 

Liquid compositions for oral administration include pharmaceutically acceptable emulsions, solutions, suspensions, 
syrups, elixirs and the like and contain a generally used inactive diluent such as purified water or ethyl alcohol. The 
composition may contain additives such as wetting agents, suspending agents, sweeteners, flavors, perfumes and pre- 
servatives. 

55 The compositions for oral administration may be sprays which contain one or more active substance and can be 
prepared according to a well known method. 

The injection of this invention for non-oral administration includes serile aqueous or nonaqueous solutions, suspen- 
sions, and emulsiors. Diluents for the aqueous solution or suspension include, for example, distilled water for injection, 
physiological saline and Ringer's solution. Diluents for the nonaqueous solution and suspension indude, for example, 
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propylene glycol, polyethylene glycol, vegetable oils such as olive oil, alcohols such as ethanol and polysort>ates. The 
composition may contain other additives such as preservatives, wetting agents, emulsifying agents, dispersing agents 
and the like. These are sterilized by filtration through, e.g. a bacteria-retaining filter, compounding with a sterilizer, gas 
sterilization or radiation sterilization. These can also be prepared by producing a sterilized solid composition and dis- 
5 solving in sterilized water or a sterilized solvent for injection before use. 

Another formulation according to the present invention is the rectal or vaginal suppository. This can be prepared by 
mixing at least one active compound according to the invention with a suppository base which may be softened at body 
temperature, optionally containing non-ion surfectant having appropriate softening temperature for improving absorp- 
tion. 

10 Accordingly, there is also provided a method for promoting healing of wound of cornea which comprises adminis- 
tering, to a subject in need of such promotion, a corneal-wound-healingly effective amount of a 15-keto-PG compound, 
a use of said compound for the manufacture of a medicament for promoting healing of wound of cornea and a pharma- 
ceutical composition for promoting healing of wound of cornea comprising said compound together with a pharmaceu- 
tically acceptable carrier, diluent or excipient. 

IS A more complete understanding of the present invention can be obtained by reference to the following Preparation 
Examples. Formulation Examples and Test Examples which are provided herein for purpose of illustration only and are 
not intended to limit the scope of the invention. 

Preparation Example 1 

20 

Preparation of 1 6, 1 6-drf luoro-1 3, 1 4-dihydro-1 S-keto-PGE^ methyl ester (39) 

1-1) Preparation of {1S,5R,6R,7R)-6-hydraxymethyl-7-tetrahydropyranyloxy-2-oxabicyclo[3.3.0]octan-3-one (29) 

25 To a solution of commercial Corey lactone (THP-form. 37.9g) in tetrahydrofuran was added a solution (1 .0 M. 300 
ml) of tetrabutylammonium fluoride in tetrahydrofuran and resulting mixture was stimed at room temperature for 3 hours. 

Then the reaction mixture was concentrated under reduced pressure and the residue was subjected to column 
chromatography to give the title compound (29). Yield: 21 .70g (82.8%). 

30 1 -2) Preparation of (1 S,5R.6R.7R)-6-{(E)-4.4-dif luoro-5-oxo-2-octenyl}-7-tetrahydropyranyloxy-2-oxabicy- 
clo[3.3.0]octan-3-one (31) 

A solution (2.0 M, 45.5 ml) of oxaly! chloride in methylene chloride was diluted with methylene chloride under an 
argon atmosphere at -78''C. To this solution was added dropwise dimethyisulfoxide (12.9 ml) and the resulting mixture 

35 was stirred for 1 0 minutes. A solution (1 S,5R,6R.7R)-6-hydroxymethyl-7-t6trahydropyranyloxy-2-oxabicylo[3.3.0]octan- 
3-one (29) (1 1.65 g) in methylene chloride was added dropwise and the mixture was stirred for 30 minutes. Then tri- 
ethylamine (56 ml) was added dropwise and stirring was continued for further 1 hour. The reaction mixture was treated 
in the conventional manner to give the aldehyde (30) as a aude product. 

To a solution of thallium ethoxide (3.26 mO in methylene chloride was added under an argon atmosphere dimethyl 

40 3.3-difluoro-2-oxoheptylphosphonate (1 1 .9 g) and the resulting mixture was stinred for 1 hour. After cooling the solution 
to O'^C, a solution of the aldehyde (30) obtained above in methylene chloride was added dropwise to said solution and 
the mixture was stirred at room temperature for 14 hours. The reaction mixture was treated with acetic acid, celite and 
a saturated aqueous potassium idodide solution and filtered. The f ilti-ate was treated in the conventional manner and 
the crude product was subjected to column chromatography to give the tile compound (31). Yield: 7.787 g (44.3 %). 

45 

1-3) Preparation of (lS.5R.6R.7R)-6-(4.4-drfluoro-5-oxooctyl)-7-tetrahydropyranylQxy-2-oxabicycloI3.3.0]octan-3-one 
(32) 

To a solution of (1 S.5R,6R,7R)-6-{(E)-4.4-dif luoro-5-oxo-2-octenyl}-7-tetrahydropyranyloxy-2-Qxabicy- 
50 clo[3.3.0]octan-3-one (31) (5.57 g) in ethyl acetate was added 5% Pd/C (catalytic amount) and the resulting mixture was 
shaken under a hydrogen atmosphere at room temperature for 7 hours. The reaction mixture was filtered and the filtrate 
was concentrated under reduced pressure to give tiie tile compound (32) as a crude product. Yield: 5.48 g (97.8%). 

1-4) Preparation of (lS,5R,6R,7R)-6-{4.4-difIuoro-5(RS)-hydroxyoctyl}-7-tetrahydropyranyloxy-2-oxabicyclo(3.3.0]- 
55 octan-3-one (33) 

To a solution of (1S,5R,6R,7R)-6-(4,4-difluoro-5-oxooctyO-7-tetrahydropyranyloxy-2-oxabicycloI3.3.0]octan-3-one 
(32) (5.48 g) in methanol was added sodium borohydride (0.800 g) at O^C and the resulting mixture was stinred fbr 10 
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minutes. The reaction mixture was treated in the conventional manner and the obtained crude product was subjected 
to column chromatography to give the title compound (33). Yield: 5.46 g (99.5%). 

1-5) Preparation of 16.16-difluoro-13.14-dihydro-1 1-tetrahydropyranylQxy-PGF2a methyl ester (36) 

5 

A solution of (1S.5R,6RJR)-6-{4,4<lihydro-5(RS)-hydrGxyoctyl)-7-tetrahydropyranyloxy-2-oxabicydo[3.3.0]o^^ 
3-one (33) (2.579 g) in toluene was cooled to -TB^'C under an argon atmosphere. To this solution was added dropwise 
a solution (1.5 M, 9.6 ml) of dilsobutylalmium hydride in toluene and stirred for 30 minutes. The reaction mixture was 
treated with methanol and a saturated aqueous Rochelle salt solution. Then the solution was treated in the conventional 

10 manner to give the lactol (34) as a aude product. 

To a suspension of 4-carboxybutyl triphenyt phosphine bromide (1 1 .72 g) In tetrahydrofuran was added dropwise 
under an argon atmosphere a solution (1 .0 M. 52.84 ml) of potassium tert-butoxide in tetrahydrofuran and the resulting 
mixture was stirred for 20 minutes. The solution was cooled to O^C and combined with a solution of lactol (34) in tetrahy- 
drofuran. The resulting mixture was stirred at room temperature for 15 hours and then treated in the conventional man- 

15 ner to give the carboxylic acid (35) as a crude product. 

To a solution of the carboxylic acid (35) in acetonitrile was added under an argon atmosphere 1 ,8-diazabicy- 
clo[5.4.0]undec-7-ene (DBU) (4.0 ml) and methyl iodide (1.7 ml) and the resulting solution was stirred at 60^*0 for 30 
hours. The solution was treated in the conventional manner and the product was subjected to column chromatography 
to give the title compound (36). 

20 Yield: 2.737 g (84.5%). 

1-6) Preparation of 16,16-difluoro-13,14-dihydro-15-keto-11-tetrahydropyranyloxy-PGE2 methyl ester (37) 

To a solution of Collir^ reagent, prepared from cromic anhydride (16.18 g) and pyridine (26.2 ml) in the conven- 
es tional process, in methylene chloride was added a solution of 16.16-difluoro-13,14-dihydro-11-tetrahydropyranyloxy- 
PGF2a methyl ester (36) (2.646 g) in methylene chloride under an argon atmosphere at -20^C. The resulting mixture 
was stinred at the same temperature for 2 hours and at -5"C for 9 hours. The solution was treated with ether and sodium 
hydrogen sulfate and filtered. The filtrate was concentrated under reduced pressure and the residue was subjected to 
column chromatography to give the title compound (37). Yield: 1 .890 g (64.4%). 

30 

1-7) Preparation of 16.16<iifluoro-13,14-dihydro-15-keto-PQE2 methyl ester (38) 

Into a mixed solvent of acetic acid : water : tetrahydrofuran (3:1 :1) was dissolved 16,16-difluoro-13,14-dihydro-15- 
keto*11-tetrahydroxypyranylQxy-PGE2 methyl ester (37) (2.809 g) and the resulting solution was stirred at 60°C for 5 
35 hours. The reaction mixture was concentrated under reduced pressure and the residue was subjected to chromatogra- 
phy to give the title compound (38). 
Yield: 1.755 g (75.5%). 

1- 8) Preparation of 16,16-difluoro-13,14<lihydro-15-keto-PGEi methyl ester (39) 

40 

To a solution of 16,16-difluoro-13,14-dihydro-15-keto-PGE2 methyl ester (38) (1 .755 g) in ethyl acetate was added 
Pd/C (catalytic amount) and the mixture was shaken under a hydrogen atmosphere at room temperature for 6 hours. 
The reaction mixture was filtered. The filtrate was concentrated and the residue was subjected to column chromatogra- 
phy to give the title compound (39). 
45 Yield: 1.655 g (93.8%). 

NMR(CDCl3) 60.87(3H,t.J=7Hz). 1.15-2.05(23H,m), 2.11-2,30(3H.m), 2.50(1 H,dd.J«7.5 and 17Hz), 3.10-3.20 
(1H,br), 3.71 (3H.S). 4.05-4.20(1 H.m) 

MS(DI-EI) m/2 404(M*), 355 (M^-HgO-CHsO), 297(M*-C5H9F2) 
50 Preparation Example 2 

Preparation of 16,16-difluoro-13.14-dihydro-15-keto-PGEi (390 

2- 1) Preparation of (15RS)-16,16-difluoro-13.14-dihydro-1 1-0-tetrahydropyranyl-PGF2a benzyl ester (36) 

55 

Toa solution of 16.16-difluoro-13,14-dihydro-11-0-tetrahydropyranyl-PGF2a (35) (2.33 g) in dichloromethane (300 
ml) were added DBU (2.1 ml) and benzyl bromide (2.2 ml) and the resulting mixture was stin^ed at room temperature for 
1 .5 hour. The reaction mixture was treated in the conventional manner and the crude product was purified by silica-gel 
column chromatography to give the title conpound (36). Yield: 2.522 g (96.1%) 
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2-2) Preparation of 16J6<lifluoro-13J4Klihydro-l5-keto-1 lO-tetrahydropyranyl-PGEg benzyl ester (37) 

Collins reagent was prepared by using chromic anhydride (13.5 g) and pyridine (21,8 ml) in dichloromethane (300 
nnl), and to this were added Celite (40 g) and (15RS)-16,16-difluoro-13,14<lihydro-1 1 -0-tetrahydropyranyl-PGF2a ben- 
5 zyl ester (36) (2.550 g). The reaction mixture was treated in the conventional manner and the crude product was puri- 
fied by silica-get column chromatography to give the title compound (37). Yield: 1 .991 g (78.6%) 

2-3) Preparation of 16,16-difluoro-13.14-dihydro-15-keto-PGE2 benzyl ester (38) 

10 Into a mixed solvent of acetic acid:THFwater (3:1:1. 50 ml) was dissolved 16,16-difluoro-13,14-dihydro-15-keto- 
1 1 -0-tetrahydropyranyl-PGE2 benzyl ester (37) (1 .550 g) and the solution was kept at 50''C for 4 hours. The reaction 
mixture was treated in the conventional manner and the crude product was purified by silica-gel column chromatogra- 
phy to give the title compound (38). 
Yield: 1.225g (92.9%) 

15 

2- 4) Preparation Of 16.16-difluoro-13.14-dihydro-l5-keto-PGEi (390 

To a solution of 16,16-difluoro-13,14-dihydro-15-keto-PGE2 benzyl ester (38) (0.844 g) in ethyl acetate (30 ml) was 
added 5% Pd/C and the mixture was shaken under a hydrogen atmosphere. The reaction mixture was treated in the 
20 conventional manner and the crude product was purified by silica-gel column chromatography to give the title com- 
pound (43). Yield: 0.404 g 

NMR(CDCl3) 60.94 (t,3H,J=7,5 Hz). 1.20-2.70 (m.26H). 4.19 (m.lH), 4.80 (br.2H). 
MS(Dl-EI) mfz 390(M+). 372(M*-H20). 354(M*-2H20) 

25 Prffl^ratipn Example 3 

Preparation of 5(RS)-fluoro-13,14-dihydro-6,15-diketo-PGEi methyl ester [lUPAC nomenclature: 5(RS)-fIuoro-7- 
{(1R,2s,3S)-3-hydroxy-2-(3-oxooctyl-5-axocyclopentyl}-6-oxoheptanoate] 

30 3-1) Preparation of (1 S,5R,6R,7R)-6-[(E)-3-oxo-1 -octenyl]-7-(4-phenyObenzoyloxy-2-<»cabicyclo[3.3.0] octan-3-one 
(42) 

Commercial (-)-Corey lactone (40) (lO.Og) in dichloromethane was subjected to Collins oxidation to give the alde- 
hyde (41), which was reacted with an anion prepared from dimethyl (2-oxoheptyl)phosphonate (6.21g). The reaction 
35 mixture was treated in the conventional manner and the obtained crude product was subjected to column chromatog- 
raphy to give the title compound (42). 

Yield: 7.45g (60 %) 

3- 2) Preparation of (1 S.5R.6R,7R)-6-[(E)-3(RS)-hydroxy-1 -octenyl]-7-(4-phenyl)benzoyIoxy-2-oxabicyclo[3.3.0]-octan- 
40 3-one (43) 

To a solution of (lS,5R,6R,7R)-6-[(E)-3-oxo-1-octenyl]-7-(4-phenyl)benzoyloxy-2-oxabicyclo-[3.3.01octan-3-one 
(42) (7.45g) in methanol were added cerium chloride (111) heptahydrate (6.84g) at -20 ^'C and sodium borohydride 
(0.69g) and the mixture was stirred for 1 hour. 
45 The reaction mixture was treated in the conventional manner and the obtained crude product was subjected to the 
jcolumn chromatography to give the title compound (43) as a mixture of the diastereomers. 

Yield: 7.64g (theoretical) 

3-3) Preparation of (1S.5R,6R,7R)-6-[(E)-3(RS)-t-butyldimethylsiIyloxy-1-octenyl]-7-(4-phenyl)benzoylQxy-2-oxabicy- 
50 clo[3.3.0]octan-3-one (44) 

To a solution of (lS,5R,6R,7R)-6-[(E)-3(RS)-hydroxy-1-octenyl]-7-(4-phenyl)benzoyloxy-2-oxabicyclo[3.3.0]octan- 
3-one (43) (7.65g) in dimethyl fbrniamide were added imidazol (2.27g) and t-butyldimethylsilyl chloride (3.78g) and the 
mixture was stirred for 1 hour. 

55 The reaction mixture was treated In the conventional manner and the obtained crude product was subjected to the 
silica gel column chromatography to give the title compound (44) as a mixture of the diastereomers. 
Yield: 7.49g(80%) 
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3-4) Preparation of (1 S.5R,6R JR)-6-[(E)-3(RS)-t-butyldimethylsily!oxy-1 -octenyl]-7-hydroxy-2-oxabrc^^ 
3-one (45) 

A mixture of (1 S.5R,6R,7R)-6-[(E)-3{RS)-t-biJtyldimethylsilyloxy'1 -octenyl]-7-(4-phenyl)benzoyloxy-2-oxabicy- 
5 clo[3.3.0]octane-3-one (44) (7.49g), potassium cartx)nate (1 . 1 Og) and methanol was stirred at room temperature for 1 6 
hours. The reaction mixture was treated In the conventional manner and the obtained crude product was subjected to 
the silica gel column chromatography to give the title compound (45) as a mixture of the diastereomers. 

Yield: 4.69g (92%) 

10 3-5) Preparation of (1 S,5R.6R JR)-6-[(E)-3(RS)-t*utyldimethylsllyloxy-l -octenyO-7-tetrahydropyranyloxy-2^ 
cio[3.3.0]octan-3-one (46) 

To a solution of (1S.5R.6R.7R)-6-[(E)-3(RS)-t-butyldimethylsilyloxy-1-octenyll-7-hydroxy-2-oxabicyclo[3.3.0]octan- 
3-one (45) (4.69g) in methylene chloride were added dihydropyran (5.17g), and pyrldinium p-toluenesufonate (0.77g), 
15 and the resultant mixture was stirred at room temperature for 1 6 hours. The reaction mixture was treated in the conven- 
tional manner and the obtained crude product was subjected to the silica gel column chromatography to give the title 
compound (46) as a mixture of the diastereomers. 

Yield: 5.37g (94%) 

80 3-6) Preparation of methyl 2-{(1 R,2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1 -octenyO-5-hydroxytetrahydropyran- 
yloxy-cyclopentyl}acetate (47) 

To a solution of (1S.5R.6R.7R)-6-[(E)-3(RS)-t-butyldimethylsilyloxy-1-octenyl]-7-tetrahydropyranyloxy-2-oxabicy- 
clo[3.3.0]octan-3-one (46) (1 .85g) in a mixed solvent of methanol and water (4:1) was added lithium hydroxyde (0.33g). 
25 The resultant mixture was stinted at room temperature for 1 6 hours. The reaction mixture was neutralized and extracted 
with ethyl acetate. 

Then, the organic layer was separated and an ether solution of diazomethane was added thereto. The resultant mixture 
was stirred at room temperature for 1 hour. The reaction mixture was treated in the conventional manner and the 
obtained crude product was subjected to the silica gel column chromatography to give the title compound (47) as a mix- 
30 ture of the diastereomers. 
Yield: 1.82g (92%) 

3-7) Preparation of methyl 2-{(1R.2R,3R,5S)-2-[(E)-3(RS)-t45utyldimethylsilyloxy-1-octenyO-3,5-bis-tetrahydropyrany^ 
oxy-cyclopentyl}acetate (48) 

35 

To a solution of methyl 2-{(1 R,2R,3R,5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1 -octenylj-Shydroxytetrahydropyran- 
yloxy-cyclopentyl}acetate (47)(4.45g) in methylene chloride were added dihydropyran (3.75g) and pyridinlum p-tolue- 
nesufonate (0.56g), and the resultant mixture was stirred at room temperature for 16 hours. The reaction mixture was 
treated in the conventional manner and the obtained crude product was subjected to the silica gel column chromatog- 
40 raphy to give the title compound (48) as a mixture of the diastereomers. 

Yield: 4.24g (74%) 

3-8) Preparation of methyl 6-benzoyloxy-2(RS)-{2-[(1R.2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1-octenyl]-3.5- 
bis-tetrahydropyranyloxy-cyclopentyG-1(RS)-hydroxyethyl}-2(SR)-fluorohexaneacetate (49) 

45 

To a toluene solution of methyl 2-{(1 R,2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-l -octenyl]-3.5-bis-tetrahydro- 
pyranyloxy-cyclopentyl)acetate (48) (0.5g) was added a toluene solution of DIBAL-H (1.5M, 1.43ml) at -78*'C and the 
resultant mixture was stirred for 1 hour. The reaction mixture was treated in the conventional manner to give the alde- 
hyde as a crude product. 

50 The solution of LDA. prepared In the conventional manner, in terahydrofuran (0.94 mmol) was cooled to -78*'C. and 
methyl 6-benzoyloxy-2(RS)-fluorohexanoate (f) (0.23g) was added thereto. The resultant mixture was stirred for 10 min- 
utes and the solution of the crude aldehyde in tetrahydrofran was added tiiereto. The reaction mixture was heated to 
room temperature and stirred at tfie same temperature for 1 hour, The crude product obtained in the conventional man- 
ner was subjected to the silica gel column chromatography to give tiie titie compound (49) as a mixture of the diaster- 

55 eomers. 

Yield: 0.51 g (74%) 
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3-9) Preparation of methyl 2{RS)-{2-[(1 R,2R.3R,5S)-2-[(E)-3(RS)-t4)Utyldimethylsilyloxy-1-oclenyl]-3.5-bis-tetrahydro- 
pyranyloxy-cyclopentyq-1 (RS)-^droxyethyl}-2(SR}-f luoro-G-hydroxyhexanoate (50) 

To a solution of methyl 6-ben2oyloxy-2(RS)-{2-[(1R.2R,3R,5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1-octenyl]-3.5- 
5 bis-tetrahydropyranyloxy-cyclopentyl]-1(RS)-hydroxyethyl-2{SR)-fluorohexaneacetate (49) (2.48g) in methanol was 
added potassium cartx>nate (2.47g) in methanol and the resultant mixture was stirred at room temperature for 24 hours. 
The crude product obtained in the conventional manner was subjected to the silica gel column chromatography to give 
the title compound (50) . 

Yield: I.SOg (69%) 

10 

3-10) Preparation of 7-{(1 R,2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-l-octenyG-3,5-bis-tetrahydropyranyloxocy- 
clopentyI]-5(RS)-methoxycarbonyl-5(SR)^luoro-6-Qxoheptanoate (51 ) 

Methyl 2(RS)-{2-[(1R,2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethyIsllyloxy-1-octenyl]-3.54)is-tetrah^^ 
15 clopentyl]-1(RS)-hydroxyethyi}-2(SR)-fluoro-6-hydroxyhexanoate (50) (1.23g) was subjected to Collins oxidation at ■ 
SO'^C under an argon atmosphere for 4.5 hours. The crude product obtained in the conventional manner was dissolved 
into ether, and a solution of diazomethane in ether was added thereto. The resultant mixture is stinted at room temper- 
ature for 1 hour. The reaction mixture was treated in the conventional manner and the obtained crude product was sub- 
jected to the silica gel column chromatography to give the title compound (51) in the form of diastereomeric mixture. 
20 Unreacted starting material (50) was recovered (0.41 g, Recovery: 33%). 
Yield: 0.60g (47%) 

3-11) Preparation of methyl 7-{(1R,2R,3R,5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1-oclenylJ-3,5-tMS-tetrahydropyrany- 
loxycyclopentyi]-5(RS)-fluoro-6-oxo-heptanoate (52) 

25 

Methyl 7-{(1 R,2R.3R.5S)-2-[(E)-3(RS)-t-butyldimethylsiIytoxy-1 -octenyl]-3.5-bis-tetrahydropyranyloxycyclopentyI]- 
5(RS)-methoxycarbonyl-5(SR)-fluoro-6-oxoheptanoate (51) (0.80g) was dissolved into a mixture of dimethyl sulfoxide, 
sodium chloride and water (50:2.8:1) and the resultant mixture was stirred at 135-1 40**C under an argon atmosphere 
for 1.5 hours. The crude product obtained by treating in the conventional manner was subjected to silica gel column 
30 chromatography to give the titie compound (1 2) as a mixture of diastereomers. 

Yield: 0.55g (75%) 

3-12) Preparation of methyl 5(RS)-f luoro-7-{(1 R,2R.3R.5S)-2-[(E)-3(RS)-t-hydroxy-1 -oclenyl]-3,5-bis-tetrahydropyrany- 
loxycyclopentyq-6-oxoheptanoate (53) 

35 

To a solution of methyl 7-{(1R,2R,3R.5S)-2-[(E)-3(RS)-t-butyldimethylsilyloxy-1-octenyl]-3.5-bis-tetrahydropyrany- 
loxy-cyclopentyl]-5(RS)-fluoro-6-oxo-heptanoate (52) (0.52g) in tetrahydrofuran was added a solution of tetra-n-buty- 
lammonium fluoride in tetrahydrofuran (1M, 23ml), and the resultant mixture was stin-ed at room temperature for 40 
hours. The crude product obtained by treating in the conventional manner was subjected to silica gel chromatography 
40 to give the title compound (53). 

Yield: 0.34g (67%) 

3-13) Preparation of methyl 5(RS)-fluoro-7-{(1R,2R,3R,5S)-2-[3(RS)-hydroxy-1-octyll-3,5-bistetra-hydropyranylaxycy- 
clopentyl]-6-oxoheptanoate (54) 

45 

To a solution of methyl 5(RS)-fluoro-7-{(1R.2R,3R.5S)-2-[(E)-3(RS)-t-hydroxy-1-octenyl]-3.5-bis-tetrahydropyrany- 
lQxycyclopentyl]-6-oxoheptanoate (53) in ethyl acetate was added 5% of Pd/C (0.06g). and the resultant mixture was 
stirred at room temperature under a hydrogen atmosphere for 16 hours. The reaction mixture was treated in the con- 
ventional manner and the obtained crude product was subjected to silica gel column chromatography to give the title 
50 compound (54) as a mixture of diastereomers. 

Yield: 0.30g (88%) 

3-14) Preparation of methyl 5(RS)-fluoro-7-{(1R,2R,3R,5S)-2-[3-oxo-octyO-3>blstetrahydropyranyloxy-cyclopent^ 
oxoheptanoate (55) 

55 

To a solution of metiiyl 5(RS)-fluoro-6-oxo-7-{(1R,2R,3R,5S)-2-[3(RS)-hydrQxy-1-octyl]-3,5-bis-tetrahydropyrany- 
loxy-cyclopentyl]-6-oxo-heptanoate (54) (0.30g) in acetone was added Jones reagent (2.60 M. 0.6ml) and the resultant 
mixture was stirred at -SO^'C fbr 1.5 hours. The reaction mixture was treated in the conventional manner and the 
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obtained crude product was subjected to silica gel column chromatography to give the title compound (55) as a mixture 
of diastereomers. 
Yield: 0.24g (80%) 

5 3-15) Preparation of methyl 5(RS)-fluoro-7-{(1 R.2R.3R)-3-t-buty!dimethylsilyloxy-5-oxo-2-(3-oxo-octyl)cyclopentyl]-6- 
oxoheptanoate (57) 

Methyl 5(RS)-fluoro-6K>xo-7^(1R.2R,3R,5S)-2-[3K)xo-octyO-3.5-bis-tetra-hydropyranyloxy-cyclopentyO-6-ox 
tanoate (55) (0.24g) was dissolved Into a mixed solvent of acetic acid, tetrahydrofuran and water (3:1 :1). and the result- 
to ant mixture was stin'ed at 45°C for 4.5 hours. The crude product otstained by treating in the conventional manner was 
subjected to silica gel column chromatography to give a diol product (56) (0.1 5g). 

To a solution of diol product (56) (0.1 5g) in dimethylformamide were added imidazol (0.35g) and t-butyl-dimethylsilyl 
chloride (0.38g) and the resultant mixture was stirred at room temperature for 5 hours. The crude product obtained by 
treating in the conventional manner was subjected to silica gel column chromatography to give monosilyl product 
IS (0.135g). 

The monosilyl product (0.135g) was subjected to Collins oxidation in methylene chloride at room temperature for 
15 minutes. The crude product obtained by treating in the conventional manner was subjected to silica gel column chro- 
matography to give the title compound (57). 

Yield: 0.1 Og (49%, starting from Compound (55)) 

20 

3-16) Preparation of 5(RS)-fluoro-13.14,-dihydro-6.15-diketo-PGE^ methyl ester (58) 

To a solution of methyl 5(RS)-fluoro-7-{(1R,2R,3R)-3-t-butyldimethylsilyloxy-5-oxo-2-(3-oxooctyl)-cyclopentyl]-6- 
oxoheptanoate (57) (0.05 g) in dichloromethane was added a solution of hydrogen fluoride-pyridine (70:30. 0.40ml). 
25 and the resultant mixture was stirred at room temperature for 7 hours. The crude product obtained by treating in the 
conventional manner was subjected to silica gel column chromatography to give the title compound (58). 

rieW: 0.38 g (98%) 

NMR (CDCI3): 6 0.87(3H.t,J=6.8Hz), 1.16-2.05(14H.m). 2.23-3.15(1 1H.m). 3.66(3H,s), 3.98-4.12(1 H.m). 4.62- 
4.70(0.5H.m), 4.85-4.95(0.5H,m). 

30 

Preparation of Starting Material: Methyl 6-benzoyloxy-2(RS)-f tuoro-hexanoate (f) 

1 ) Preparation of benzyl 6-hydroKyhexanoate (b) 

35 A mixture of e-caprolactone (a) (40 g), benzyl alcohol and p-totuenesulfonic acid monohydrate (0.7 g) was stirred 
at 100°C for 16 hours. The reaction mixture was treated in the conventional manner and was distilled under reduced 
pressure (1 mmHg, 140-154^C) to give the title compound (b). 
Yield: 27.37g (35%) 

40 2) Preparation of benzyl 6-benzoyloxyhexanoate (c) 

To a solution of benzyl 6-hydroxyhexanoate (b) (27.37 g) in methylene chloride were added 4-dimethyl amino pyri- 
dine (19.5g) and benzoyl chloride (19.53 g), and the resultant mixture was stirred for 2 hours. The reaction mixture was 
treated in the conventional manner and was distilled under reduced pressure (1 mmHg, 190-215''C) to give the title 
45 compound (c). 

Yield: 38.09g (95%) 

3) Preparation of 6-benzoyloxy-hexanoic acid (d) 

50 To a solution of benzyl 6-benzoyloxy-hexanoate (c) (38.09 g) in ethyl acetate was added 5% Pd/C (3 g) and the 
resultant mixture was stined under a hydrogen atmosphere for 24 hours. The crude product obtained by treating in the 
conventional manner was distilled under reduced pressure (1 mmHg. 182-192''C) to give the title compound (d). 
Yield: 4.92g (90%) 

55 4) Preparation of methyl 6-benzoyloxy-2(RS)-bromohexanoate (e) 

Thionyl chloride (22ml) was added dropwise to 6-benzoyioxyhexanoic acid (d) (14.92 g), and the resultant mixture 
was stirred at 65'*C for 1 hour. To the reaction mixture were added carbon tetrachloride (50ml), N-bromosucdnimide 
(22.5 g) and 48% hydrobromic add (5 drops), and the resultant mixture was stirred at 85^C for 20 hours. The reaction 
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mixture was allowed to cool, and was filtered to remove solid product. The filtrate was concentrated under reduced 
pressure. The obtained residue was dissolved into methanol and the resultant mixture y^as stinted at room tenperature. 
The crude product obtained by treating in the conventional manner was subjected to silica gel chromatography to give 
the title compound (e). 
Yield: 14.02g (67%) 

5) Preparation of methyl 6-benzoyloxy-2(RS)-f luorohexanoate (f) 

A mixture of methyl 6-benzoyloxy-2(RS)-bromohexanoate (e) (14.02 g), potassium fluoride (12.59 g) and aceta- 
mide (12.3 g) was stirred at lOS^'C for 6 hours. The crude product obtained by treating In the conventional manner was 
subjected to silica gel chromatography to give the title compound (f) and methyl 6-benzoyloxyhexanoate (g) (3.11 g. 
yield: 29%). 

Yield: 5.28g (46%) 

NMR (CDCyS: 1.55-2.18 (6H.m), 3.79(3H.5). 4.33(2H,t,J=7Hz). 4.77-4.86(0.5H.m). 5.05-5.1 2(0.5H,m), 7.40- 
7.62{3H.m), 8.00-8.1 0(2H,m). 

Preparation Example 4 

Preparation of 5,5-difluoro-13,14-dihydro-6,15-diketo-PGEi methyl ester (72) 

4-1) Preparation of (1S.5R.6R JR)-6-[(E)-3K)xo-1-octenyl]-7-(4-phenylbenzoyloxy)-2-oxabicyclo[3.3.0]octan (42) 

Corey-lactone (40) (10.0 g) dissolved in dichloromethane (160ml) was subjected to Moffatt oxidation using DMSO 
(79.2 g), dicyclohexylcarbodiimide (24.0 g), pyridine (2.3 ml) and trif luoroacetic acid (1 . 1 ml) to give Corey-lactone alde- 
hyde (2a). Separately, dimethyl (2-oxoheptyl)phosphonate anion was prepared from dimethyl-(2-oxoheptyl)phospho- 
nate (6.31 g) and sodium hydride (60%. 0.13 g) in dichloromethane. and the solution of the previously obtained 
aldehyde (160ml) was added dropwise thereto, and the resultant mixture was stinted at room temperature for 11.5 
hours. The crude product obtained by treating In the conventional manner was subjected to silica gel chromatography 
to give the title compound (42). 

Yield: 10.8g (85.3%) 

4-2) Preparation of (1S.5R,6R,7R)-6-(3-oxo-1-octenyi)-7-(4-phenylbenzoyloxy)-2-oxabicyclo[3.3.0]octan-3-one (4a) 

A mixture of (1S,5R,6R,7R)-6-[(E)-3-oxo-1-octenyl]-7-(4-pheny!benzoylQxy)-2-oxabicyc!octan[3.3.0]-3-one (42) 
(1 0.8 g) and 5% Pd/C (1 .02 g) in ethyl acetate (1 50ml) was stirred under a hydrogen atmosphere for 3 hours. The reac- 
tion mixture was treated In the conventional manner to give the title conpound (4a). 

Yield: 8.20 g 

4-3) Preparation of (1 S,5R,6R,7R)-6-(3,3-ethylenedioxyoctyl-7-(4-phenylbenzoyloxy)-2-oxabicyclo[3.3.0]-octan-3-one 
(5) 

To a solution of (1S,5R.6R,7R)-6-(3-oxo-1-octenyl)-7-(4-phenylbenzoyloxy)-2-oxabicyclo[3.3.0]octan-3-one (4a) 
(8.20 g) in toluene (100 ml) were added ethylene glycol (23.0 g) and p-toluenesulfonic acid (0.41 g). and the resultant 
mixture was refluxed for 4 hours. Water formed in the reaction was removed by azeotropic distillation. The reaction mix- 
ture was treated In the conventional manner and was subjected to silica gel column chromatography to give the title 
compound (5a). 

Yield: 8.23g (91,3%) 

4-4) Preparation of (1S,5R,6R.7R)-6-(3,3-ethylenedioxyoctyl)-7-hydroxy-2-Qxabicydo[3.3.0]octan-3-one (6a) 

To a solution of (1S,5R,6R.7R)-6-(3,3-ethy!enedioxyoctyl-7-(4-phenylbenzoyIoxy)-2-oxabicyclo[3.3.0]octan-3-one 
(5a) (8.20 g) in methanol (200 ml)was added potassium carbonate (1 .15g) and the resultant mixture was stirred over- 
night, and acetic acid (1 ml) was added thereto. The crude product obtained by treating in the conventional manner was 
subjected to silica gel column chromatography to give the title compound (6a). 

Yield: 4.70g (90.0%) 
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4-5) Preparation of (lS.5R.6R7R)-6-(3.3-ethylenedioxyoctyl)-7-tetrahydropyranyloxy-2-oxabicyclo[3.3.0]^ 
(59) 

A solution of (1S,5R.6R7R)-6-(3,3-ethyIenedioxyoctyl)-7-hydroxy-2-Qxablcyclo[3.3.0]octan-3-one (6a) (4.70g) In. 
dichloromethane (200 ml) was cooled on ice and dihydropyran (2.41g) and p-toluenesulfonic acid (0.23g) were added 
thereto and the resultant mixture was stinted for 1 ,5 hours. The crude product ot)tained by treating in the conventional 
manner was subjected to silica gel column chromatography to give the title compound (59). 

Yield: 5.54g (93%) 

4-6) Preparation of methyl 2-[(1S,2R.3R,5S)-2-(3,3-ethylenediQxyoclyl)-3-(tetrahydropyranyloxy)-5-hydroxycy- 
dopentyQacetate (61) 

(1S.5R.6R7R)-6-(3,3-ethylenedioxyoctyI)-7-tetrahydropyranyloxy-2K)xabicyclo[3.3.0]octe^ (59) (5.54g) was 
dissolved into methanol (61 ml), and 5% aqueous potassium hydroxyde (37ml) was added thereto. The resultant mixture 
was stirred at 50"C for 30 minutes. While cooling on Ice. the reaction mixture was neutralized with aqueous 0.5 N hydro- 
chloric acid and the add (60) obtained by treating in the conventional manner was treated with diazomethane to give 
the title compound (61 ). 

Yield: 5.74g 

4-7) Preparation of methyl 2-[(1S,2R.3R.5S)-2-(3.3-ethylene dioxyoctyl)-3-(tetrahydropyranyloxy)-5-(t-butylsilyloxy)- 
cyclopentyl]acetate (62) 

To a solution of methyl 2-[(1S.2R,3R.5S)-2-(3.3-ethylenedloxyoctyl)-3-(tetrahydropyranyloxy)-5-hydroxycy- 
clopentyQacetate (61) in DMF (80ml) were added t-butyldimethylsilyl chloride (2.1 1g) and imidazol (0.95g), and the 
resultant mixture was stirred. The crude product obtained by treating in the conventional manner was subjected to silica 
gel column chromatography to give the title compound (62). 

Yield: 5.41 g (71 .2g) 

4-8) Preparation of 2-[(1S,2R,3R,5S)-2-(3,3-ethylenedlQxyoctyl)-3-(tetrahydropyranyloxy)-5-(t-butyldimethylsily- 
lQxy)cyclopentyl]ethanol (63) 

Methyl 2-[(1S.5R.6R7R)-2-(3,3-ethylenedioxyoctyl)-3-(tetrahydropyranyloxy)-5-(t4)utyldimethylsiIox^^^ 
pentyOacetate (62) was reduced with lithium aluminium hydride In ether (1 50ml). The crude product obtained by treating 
in the conventional manner was subjected to silica gel column chromatography to give the title compound (63). 

Yield: 4.81 g (93.8%) 

4-9) Preparation of 2-{(1S,5R.6RJR)-2-(3.3-ethylenedioxyocty!)-3-(tetrahydropyranyIoxy)-5-(t-butyldimethylslly- 
loxy)cyclopentyl]acetaldehyde (64) 

A solution of 2-[(1 S.5R,6R JR)-2-(3,3-ethylenedioxy-oclyl)-3-(tetrahydropyranyloxy)-5-(t-butylsiloxy^ 
pentyQethanol (63) In dichloromethane (50 ml) was subjected to Swan oxidation using oxalyl chloride (1.78g), DMSO 
(2.19g) and triethylamlne (4.37g) to give the title compound (12). 

Yield: 4.60g (96.0%) 

4-10) Preparation of 1-[(1R,2R.4S,5R)-2-tetrahydropyranyloxy-4-t-butylsilylaxy-5-{2(RS)-hydroxy-3,3-difluoro-7 
butyldimethytsilylQxy-4-heptynyl}-cyclopentyl]-3.3-ethylenediQxy-octane (65) 

To a solution of 2-1(1 S,2R,3R,5S)-2-(3.3-ethylenedloxyoctyl)-3-(tetrahydropyranyloxy)-5-(t-butylsiIoxy)cydo- 
pentyljacetaldehyde (64) (1 .00 g) in THF (25 ml) was added activated zinc powder (2.54g), and while cooling on ice. 
the solution of 1-bromo-1.1-difluoro-5-(t-butyl-dimethylsilyloxy)-2-pentyne (i) (0.92g) in THF (5ml) was added dropwise 
to the resultant mixture. To the resultant solution was added mercury chloride (0.1 1g) and the resultant mixture was 
stin-ed under ultrasonic in'adlation. The reaction mixture was treated in the conventional manner and the obtained crude 
product was subjected to silica gel column chromatography to give the title conrpound (65). 

Yield: 1.40g (95.9%) 
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4-11) Preparation of 1-[(1R.2R,4S.5R)-2-tetrahydropyranyloxy'4-hydroxy-5-{2(RS)jKlihydroxy-3.3<lifluoro^ 
tyl}cycloper!tyl]-3.3-ethylenedioxyoctane (67) 

A solution of 1-[(1R.2R.4S.5R)-2-tetrahydropyranyloxy-4-t-butylsilyloxy-5-{2(RS)-hydroxy-3,3.<lrt 
5 imethylsilyloxy-4-heptynyi}cyclopentyi]-3.3-ethyIenedioxy-octane (65) (0.96g) in THF (15 ml) was cooled on ice and 
tetrabutyl ammonium fluoride (1M, 0.57ml) was added thereto and the resultant mixture was stirred for 12 hours. The 
reaction mixture was treated in the conventional manner and the obtained crude product was subjected to silica gel 
chromatography to give the triol (66) (0.492g). 

The triol (66) was subjected to catalytic hydrogenation over 5% Pd/C (0.06g) in ethyl acetate (50ml). The reaction 
10 mixture was treated in the conventional manner and the obtained crude product was subjected to silica gel chromatog- 
raphy to give the title compound (67). 
Yield: 0.487g (98.6%) 

4-12) Preparation of 5,5-dlfluoro-6-keto-11-pyrany!oxy-15,15-ethylenediQxy-13,14-dihydro-PGEi methyl ester (70) 

IS 

A solution of H(1R.2R,4S.5R)-2-tetrahydropyranyloxy-4-hydroxy-5-{2(RS),7-dihydroxy-3, 3-difluoro-4-hepty- 
nyl}cyclopentyl]-3,3-ethylenedioxyoctane (67) (0.487 g) in dichloromethane (18 ml) was subjected to Swan oxidation 
using oxalyl chloride (1.17g), DMSO (I.SIg) and triethylamine (3.1g) to give the diketoaldehyde (68) (0.321g. Y: 
67.3%). 

20 The obtained diketoaldehyde (68) (0.21 2g) was subjected to Jones oxidation using Jones reagent (2.67M 153.6^) 
at a temperature between -50''C and •40''C to give the carboxylic acid (69). which was reacted with diazomethane in 
order to obtain methyl ester. The obtained crude product was subjected to silica gel column chromatography to give the 
title compound (70). 

Yield: 0.152g (67.8%) 

25 

4-13) Preparation of 5.5-difiuoro-13.14-diketo-PGE^ methyl ester (72) 

A solution of 5,5-difluoro-6-keto-11-pyranyloxy-13,14-dihydro-15,15-ethylenedioxy-PGEi methyl ester (70) 
(0.152g) in a mixed solvent of acetic acid/THF/water (2/1/1) (6ml) was kept at 45-50° for 2.5 hours. The reaction mixture 
30 was treated in conventional manner and the obtained crude product was subjected to silica gel column chronfiatography 
to give the title compound (72). 

Yield: O.IOIg (87.0%) 
* 13,14-dihydro-6.15<liketo-5,5-difluoro-PGEi methyl ester 

NMR (CDCI3) 60.88(t.3H.J=6.6 Hz), 1.10-1.40(m.4H). 1.45-2.20(m.10H), 2.20-3.1 5(m,11H), 3.67(s,3H), 4.00-4.18 
35 (m,1H) 

MS(DI/EI) m/z 418(M+), 400(M+-H2O), 360(M+.HF.H2O). 99(C6HiiCO+) 

Preparation of Starting Material:5-(t-butyldimethytsiloxy)-1-bromo-1,1-drfluoro-3-pentyne 0) 

40 1) Preparation of 5-(t-butyldimethylsilQxy)-3-pentyne (h) 

Toa solution of 3-butyn-1-oI (g) (lO.Og) in DMF (80ml) were added t-butyldimethylsilyl chloride (21.5g) and imidazol 
(10.6g). and the resultant mixture was kept at 35°C for 7 hours. The reaction mixture was treated in the conventional 
manner and the obtained aude product was distilled to give the title compound (h). 
45 Yield: 17.4g (66%) 

2) Preparation of 5-(t-butyl-dimethylsiloxy-1-bromo-1,1-difluoro-3-pentyne) (i) 

A solution of 5-(t-butyldimethylsiloxy)-3-pentyne (h) (8.00g) in THF (lOOml)was cooled to -20^*0 and n-butyl lithium 
so (1 .6M, 27.1ml) was added dropwise thereto. The resultant mixture was stood at 0*C and a solution of dibromodifluor- 
omethane in THF (5ml) was added, and the mixture was stirred for 2 hours. The reaction mixture was treated in the con- 
ventional manner and the obtained crude product was subjected to silica gel column chromatography to give the title 
compound (i). 

Yield: 3.67g (27%) 

55 
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Preparation Example 5 

Preparation of 20-ethyl-2-decarboxy-2-(2-carboxyethyl)-13.14-dihydro-15-keto-PGF2a isopropyl ester (76) [lUPAC 
nomenclature: isopropyl (Z)-9-(1 R)-[(2R,3R,5S)-3.5-dihydroxy-2-(3-QxodecyI)cyclopentyO-7-nonenoate] 

5-1) Preparation of (Z)-9-{1 R)-[(2R,3R,5S)-2-(3,3-ethylenedioxydecyl)-5-hydroxy-3-(tetrahydropyranyloxy)cy^ 
7-nonenoic acid (74) 

Sodium hydride (60%. 0.422g) v\as washed with hexane under an argon atmosphere. To this was added dimethyl 
sulfoxide (DMSO. 10ml) and the resultant mixture was kept at 60*^C for 3 hours. After cooling to the room temperature, 
the resultant mixture was treated with 6-carboxyhexyltriphenylphosphonium bromide (2.49g). stirred at the room tem- 
perature for 2 hours, then at 45''C for 1 hour, and poured into ice-water. The resultant mixture was worked up with the 
conventional procedure to give the titled compound (74). Yield: 1 .68g. 

5-2) Preparation of isopropyl (Z)-9-(1 R)-[(2R,3R,5S)-2-(3.3-ethylenedioxydecyl)-5-hydroxy-3-(tetrahydropyrany- 
loxy)cyclopentyl]-7-nonenoate (75) 

The compound (74) (1 .68g) was esterified in the conventional procedure with 1 .8-diazabicyclo[5.4.0]-7-undecene 
(DBU, 0.78ml) and isopropyl iodide (0.35ml) in acetonitrlle (15ml}. The residue was subjected to silicagel column chro- 
matography to give the titled compound (75). Yield: 0.908g (88%) 

5- 3) Preparation of isopropyl (Z)-9-(1 R)-[(2R.3R,5S)-3,5-<lihydroxy-2-(3'Oxodecyl)cyclopentyO-7-nonenoate (76) 

The compound (75) (0.305g) was dissolved in a mixed solvent (6ml) consisting of acetic acid, THF and water 
(2:1:1) and kept at 50^0 for 14 hours. The resultant mixture was worked up with the conventional procedure and the 
obtained crude product was subjected to silicagel column chromatography to give the titled compound (76). Yield: 
0.21 3g (90%). 

Compound (76) [Qi'=Q2'=H, Rb'-Rc'=hexyl, P3=isopropyI] 

NMR(CDCl3)6: 0.85 (t,3H,J=6.5H2), 1.20 (d.6H,J=6Hz), 1.23-2.65 (m,34H), 3.86 (m,1H), 4.16 (m.lH), 4.99 
(Hept.1 H.J^Hz), 5.39 (m.2H) 

Preparation Example 6 

Preparation of 20-ethyl-2-decarboxy-2-(2-carboxyethyl-13.14-dihydro-15-keto-PGE2 isopropyl ester (46) [lUPAC 
nomenclature: Isopropyl (Z)-9-(1 R)-[(2R,3R)-3-hydroxy-5-oxo-2-(3-oxodecyl)cyclopentyl]-7-nonenoate] 

6- 1) Preparation of (Z)-9-(1 R)-[(2R.3R)-2-(3,3-ethylenedioxydecyl)-5-oxo-3-(tetrahydropyranyloxy)cyclopentyl]-7-non- 
enoate (77) 

Oxalyl chloride (2M, 0.45ml) and DMSO (0.13ml) were added to dichloromethane (5ml) cooled previously to -70^0 
and the resultant mixture was stirred for 15 hours. A solution of isopropyl (Z)-9-(1R)-[(2R,3R.5S)-2-(3.3-ethylenediox- 
ydecyl)-5-hydroxy-(3-tetrahydropyranyloxy)cyclopentyl]-7-nonenoate (75) (0.35g) in dichloromethane (7ml) was added 
dropwise to the above solution. After stining at -55°C for 15 minutes, the resultant mixture was treated with trielhyl- 
amine (0.25ml) and warmed up to lO'^C over 6 hours. The resultant mixture was worked up with the conventional pro- 
cedure and the obtained crude product was subjected to silicagel column chromatography to give the trtled compound 
(77). Yield: 0.311g(89%). 

6-2) Preparation of isopropyl (Z)-9-(1R)-[(2R,3R)-3-hydroxy-5-oxo-2-(3-oxodecyl)cyclopentyl]-7-nonenoate (78) 

The compound (77) (0.311 g) was dissolved in a mixed solvent (5ml) consisting of acetic acid, THF and water 
(2:1 :1) and kept at 50**C for 3 hours. The resultant mixture was worked up with the conventional procedure and the res- 
idue was subjected to silicagel column chromatography to give the titled compound (78). Yield: 0.1 56g (66%). 
Compound (46) [Qi'=Q2'=H, Rb'-Rc'=hexyl, P3=isopropyl] 

NMR(CDCl3)6: 0.86 (t.3H.J=6.5Hz), 1.20 (d,6H,J=6Hz). 1.23-2.75 (m.33H), 4.20 (m,1H), 4.99 (Hept,1H,J=6Hz), 5.15- 
5.50 (m,2H) 
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Preparation Example 7 

Preparation of 2-decartx>xy-2-(2-carboxyethyl)-13. 14<Iihydro-16.16<iifluoro-15-keto-PGE2 (79) [I UPAC nomenclature: 
(Z)-9-{1R)-[(2R,3R)-2-(4.4Kjifluoro-3-oxooctyl)-3-hydroxy-5K)xopentyl]-7-nonenoicacici] 

Preparation of starting compound: (6-carboxyhexyl}triphenylphosphonium bromide (n). 

A mixture of 7-bromoheptanonitrile (1) (lO.Og) and 40% hydrobromic acid (80ml) was heated under reflux for 6 
hours. The mixture was diluted with water, extracted with ether and then worked up with the conventional procedure to 
give a crude product. The residure was subjected to silicagel column chromatography to give 7-bromoheptanoic acid 
(n). Yield: 7.60g (69%) 

Treatment of 7-bromoheptanoic add (n) (7.60g) with triphenyfphosphine (lO.Og) gave (6-carbQxyhexyOtriphenyl- 
phosphonium bromide (n). Yield: 16.0g (93%). 

Preparation of the desired compound 

7-1) Preparation of (1S.5R.6R.7R)-6-(4,4-dlfluoro-3-oxooctenyO-7-(tetrahydropyranyloxy)-2-oxabicycIo[3.3.0]octan-3- 
one (82) 

The Swern oxidation of (1S,5R,6R.7R)-6-hydroxymethyl-7-(tetrahydropyranyloxy)-2-Qxabicyclo[3.3.0]octan-3-one 
(48) (27.8g), which was obtained from commercial (1S,5R.6R,7R)-6-(5-butyldimethylsilyIoxymethyl)-7-(tetrahydropyra- 
nyloxy)-2-oxabicyclo[3.3.0]octan-3-one (79), using oxalyl chloride (2.0M. 109.3mO, DMSO (31.0ml) and trimethylamine 
(150ml) in dichloromethane (800ml) gave the compound (81) {Pi=tetrahydropyranyl). 

The above compound (81) was reacted with dimethyl 3.3<iifluoro-2-oxoheptylphosphonate (30.0g) in dichlo- 
romethane in the presence of thallium methoxide (8.23ml). The resultant mixture was worked up with the conventional 
procedure and the obtained crude product was subjeced to silicagel column chromatography to give the titled com- 
pound (82). Yield: 24.4g (58%). 

7-2) Preparation of (1S,5R,6R,7R)-6-(4,4-difluoro-3-oxooctyl)-7-tetrahydropyranylQxy-2-Qxabicyclo[3.3.0]octan-3-one 
(83) 

The compound (82) (12.7g) was catalytically hydrogenated over 5% palladium on cart)on (catalytic amount) in ethyl 
acetate (300ml) under hydrogen atmosphere to give the titled compound (83). Yield: 12.5g (99%). 

7-3) Preparation of (1S,5R,6R,7R)-6-[4,4-difluoro-3(R,S)-hydroxyoctyl]-7-tetrahydroxypyranyloxy)-2-oxabicy- 
clo[3.3.0]octan-3-one (84) 

The compound (83) (12.6g) was reduced with sodium borohydride (1.25g) in methanol (400ml) at O^C to give the 
titled compound (84). Yield: 12.1g (95.5%). 

7-4) Preparation of (1S.5R,6R,7R)-6-[4,4-difluoro-3(R,S)-hydroxyoctyl]-7-tetrahydroxypyranyloxy)-2-oxabicy- 
clo[3.3.0]octan-3(R,S)-oI (85) 

The compound (84) (12.1g) was reduced with diisobutylaluminum hydride (1.5M, 65.1ml) in toluene (500ml) at - 
78*'C and the obtained crude product was subjected to silicagel column chromatography to give the titled compound 
(85). Yield: ll.lg (91%). 

7-5) Preparation of phenacyl (Z)-9-(1 R)-[(2R,3R,5S)-2-{4,4-difluoro-(3RS)-hydraxyoctyl}-5-hydroxy-3-(tetrahydropyran- 
yloxy)cyclopentyl]-7-nonenoate (87) 

Sodium hydride (60%, 1 .63g) was washed with pentane. To this was added DMSO (40ml) and the resultant mixture 
was kept at 65-70''C for 1 .5 hours. After cooling to the room temperature, carboxyhexylphosphonium bromide (n) 
(9.61 g) was added to the mixture to form a ylid. A solution of the compound (85) in DMSO (15ml) was added dropwise 
to the ylid in solution and the mixture was kept overnight at the room temperature. The resultant mixture was worked up 
with conventional procedure to give the compound (86). Yield: 3.18g (crude). 

The compound (86) (0.795g). phenacyl bromide (1 .Olg) and diisopropylethylamine (0.89ml) were dissolved in ace- 
tonitrile (1 0ml) and the solution was kept at the room temperature for 20 minutes and then at 45^0 for 30 minutes. The 
resultant mixture was worked up with the conventional procedure and the obtained crude product was subjected to sil- 
icagel column chromatography to give the titled compound (87). Yield: 0.604g. 
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7-6) Preparation of phenacyl {Z)-9-(1R)-[(2R»3R)-2-{4.4<Jifluoro-3-oxooctyI}-5-oxo-3-(tetrahydropyrany- 
laxy)cyclopentyq-7-nonenoate (88) 

DMSO (0.92ml) was added dropwise to a solution, cooled to -78°C, of oxaiyi chloride 0.52ml) in dichloromethane 
(30ml). The compound (87) (0.609g) dissolved in dichloromethane (15ml) was added to the above solution and the 
resultant mixture was stirred at -30^C to -20^0 for 1.5 hours. The resultant mixture was treated with triethylamine 
(1.88ml) and stirred for 30 minutes. The resultant mixture was worked up with the conventional procedure and the 
obtained crude product was subjected to silicagel column chromatography to give the titled compound (88). Yield: 
0,51 4g (85%). 

7-7) Preparation of phenacyl (Z)-9-(1 R)-[(2R.3R)-2-{4,4-difluoro-3-oxooctyl}-3-hydroxy-5-oxocyclopentyl]-7-nonenoate 
(78) 

The compound (88) (0.51 4g) was dissolved in a mixed solvent (30ml) consisting of acetic add, THF and water 
(4:2:1 ) and the solution was kept overnight at the room temperature. The resultant mixture was worked up with tiie con- 
ventional procedure and the obtained crude product was subjected to silicagel column chromatography to give the titied 
compound (78). Yield: 0.272g (61%). 
Compound (78) [Qi'=Q2'=F, Rb'-Rc'=butyl. P3=phenacyl] 

NMR(CDCl3)6: 0.92 (t.3H.J=7.5Hz). 1 .2-2.9 (m,27H), 4.18 (m.1 H). 5.4 (m.2H). 7.4-8.0 (m.5H) 

7- 8) Preparation of (Z)-9-(1 R)-[(2R,3R)-2-(4.4-difluoro-3-oxooctyl)-3-hydroxy-5-oxocyclopentyg-7-nonenolc add (89) 

A solution of the compound (78) (0.272g) in acetic acid (10ml) was treated with zinc (3.5g) added in portions at the 
room temperature for 2.5 hours. The resultant mixture was worked up with tiie conventional procedure and the residue 
was subjected to silicagel column chromatography to give tiie titied compound (89). Yield: 0. 1 77g (81%). 
Compound (89) [Qi'=Q2'=F. Rb'-RC=d3utyl] 

NMR(CDCl3)6: 0.93(t.3H.J=6.5Hz), 1.15-2.95 (m.28H). 4.19 (m.lH). 5.36 (m.lH) 
Preparation Example 8 

Preparation of 2-decarboxy-2-(2-carboxyetiiyl)-13,14-dihydro-16,16<lrfluoro-15-keto-PGEt isopropyl ester [lUPAC 
nomenclature: isopropyl 9-(1 R)-[(2R,3R)-2-(4,4-dFfluoro-3-oxooctyl)-3-hydroxy-5-oxocyclopentyl]nonanoate 

8- 1) Preparation of isopropyl (Z)-9-(1 R)-[(2R,3R,5S)-2-{4.4-difluoro-(3RS)-hydrQxyoctyi}-5-hydroxy-3-(tetrahydropyran- 
y1oxy)cydopentyl]-7-nonenoate (87) 

The compound (86) (0.802g) obtained In Preparation Example 5, DBU (0.76ml) and isopropyl iodide (0.51ml) were 
dissolved in acetonitrile (15ml) and kept at 50^*0 for 1 hour. Further tiie compound (86) (0.492g) was treated in the same 
way. The resultant mixture was worked up witii the conventional procedure to give tiie titied compound (87). Yield (com- 
bined): 0.31 5g. 

8-2) Preparation of isopropyl 9-(1 R)-[(2R,3R)-2-{4,4-difluoro-(3RS)-hydroxyoctyl)-5-hydroxy-3-(tetrahydropyrany- 
loxy)cycloperrtyl]-7-nonanoate (90) 

The compound (87) (0.31 5g) was catalytically hydrogenated over palladian on carbon (5%, 0.08g) in ethanol (20ml) 
under hydrogen atinosphere to give the titied compound (90). Yield: 0.301g (95%) 

8-3) Preparation of isopropyl 9-(1R)-[(2R.3R)-2-(4,4-difluoro-3-oxooclyl}-5-oxo-3-(tetrahydropyrany- 
loxy)cyclopentyt]nonanoate (91) 

The compound (90) (0.301 g) was subjected to Swern oxidation using oxalyl chloride (0.34ml), DMSO (0.61ml) and 
trietiiylamine (1 .22ml) in dichlorometiiane to give tiie entitied compound (91). Yield: 0.288g (96%). 

8-4) Preparation of isopropyl 9-(1 R)-[(2R.3R)-2-(4,4-difluoro-3-oxooclyI}-3-hydroxy-5-oxocyclopentyl]nonanoate (92) 

The compound (91) (0.288g) was dissolved in a mixed solvent (30ml) consisting of acetic add, water and THF 
(4:2:1) and the solution was kept at 45''C for 3.5 hours. The resultant mixture was worked up with the conventional pro- 
cedure and tiie obtained crude product was subjected to silicagel column chromatography to give the titied compound 
(92). Yield: 0.184g (76%). 
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Compound (92) [Qi'=Q2'=F, Rb'-Rc'=butyl, P3=lsopropyO 

NMRCCDCy 6: 0.94 (t,3H.J=6.5Hz), 1.24 (d,6H.J*6Hz). 1.27-2.95 (m.31H). 4.19 (m,1H), 5.02 (Hept,1H.J=6H2) 
The compounds of the fontiula i wherein D is -CO-CH2- and those wherein D is -C-C- can be prepared as follows: 

5 Preparation Example 9 

Preparation of 2-decarboxy-2-(2-carbcxyethyl)-13. 14-dihydro-6,15-diketo-PGFio isopropyl ester 

The compound (75) obtained in Preparation Example 3 is dissolved In a mixture of anhydrous tetrahydrof uran and 
10 anhydrous methylenechloride. A small excess amount of N-bromosucclnimide is added to the solution at O^C and the 
resultant mixture is stirred for 5 minutes. The resultant mixture is worked up with the conventional procedure and the 
crude product is subjected to column chromatography to give the compound (93) (Qi'sQg'sH. Rb'-RC:::butyl. Pt=tet- 
rahydroxypyranyl, Pgsethylene. P3=isopropyl). This is dissolved in anhydrous toluene. The solution is treated with DBU 
and stin'ed overnight at 40*^0. After cooling with ice. the solution is acidified with N-HCI, stirred for 10 minutes and 
15 extracted with ethyl acetate. The resultant mixture is worked up with the conventional procedure and the residue is sub- 
jected to column chromatography to give the compound (94) (symbols having the same meaning as above). Removal 
of the protective groups in a manner similar to that in the step 3-3) in Preparation Example 3 gives the titled compound. 

Preparation Example 10 

20 

Preparation of 2-decarboxy-2-(2-carboxyethyl)-5,6-dehydro-13,14-dihydro-15-keto-PGE2 methyl ester 

Tert-butyl lithium is added dropwise to a solution of 8-methoxy-3,3-ethylenedioxy-1-iodooctane (prepared accord- 
ing to JP-A-52753/1989) in ether at -78°C over 30 minutes and the resultant mixture is stirred for 3 hours. Then a solu- 

25 tion, cooled to -78*'C. of cuprous iodide and tributylphosphihe in ether is added to the above mixture in one portion and 
the resultant mixture is stin'ed for 20 minutes to form the complex (j). A solution of 4R-tert-butykiimethylsililoxy-2- 
cyclopenten-1-one (95) in tetrahydrofuran is added dropwise to the mixture over 95 minutes. The resultant mixture is 
stirred for 15 minutes and transferred to a cooling bath at -30^C. A solution of 8-methoxycarbonyl-1-lodooctyne (1^ in 
HMPA is added to the cooled mixture, which is then stirred for 4.5 hours. Stinging is continued at the room temperature 

30 for 12 hours and then the mixture is poured into an aqueous ammonium chloride. The organic layer is separated and 
worked up with the conventional procedure to give a crude product. The aude product is subjected to column chroma- 
tography to give the compound (96) [Q/=Q2'=H, Rb'-RC=butyl. P3=methyl. P5= tert-butyldimethylsilyl]. Deprotection of 
this in the conventional manner gives the titled compound. 

35 Preparation Example 11 

Preparation of 2-decarboxy-2-(2-carboxyethyl)-13, 14-dihydro-16,16-difluoro-15-keto-PGF2a methyl ester (72) [lUPAC 
nomenclature: methyl (Z)-9-(1 R)-[(2R,3R,5S)-2-{4,4-difluoro-3-oxooctyl)-3,5-dihydra)cycyclopentyl]-7-nonenoate 

40 1 1-1)Preparation of (1S.5R,6R.7R)-6-[3(R.S)-t-butyldimethylsilyloxy-4,4-difluorooctyO-7-(tetrahydropyrany^ 
Qxabicyclo[3.3.0]octan-3(R.S)-ol (98) 

The compound (84) [Q/=Q2'=F, Pi= tetrahydropyranyl. Rb'-RC=buty(] (1.26g) was treated with imidazole (2.63g) 
and tert-butyldimethylsilyl chloride (2.91 g) in DMF (15ml) to give the silyl ether (97). Yield: 1 .43g (88%). 
45 The silyl ether (97) (1 .43g) was reduced with diisobutylalminum hydride in the conventional procedure to give the 
titled compound (98). Yield: 1.47g (100%). 

11-2) Preparation of methyl (Z)-9-(1R)-[(2R,3R.5S)-2-{3(R,S)-tert-butyldimethylsilyloxy-4,4-difluorooctyl)-5-hydroxy^^^ 
(tetrahydrbpyranyloxy)cyclopentyl]-7-nonenoate (1 00) 

50 

A ylid was prepared from sodium hydride (60%, 0.934g), DMSO (25ml) and (6-carboxyhexyl)trlphenylphosphonium 
bromide (5.50g) In the conventional procedure. The ylid was added to a solution of the compound (98) in ether (8ml) 
and the resultant mixture was stin'ed at the room temperature for 2 hours. The resultant mixture was worked with the 
conventional procedure to give the cartsoxylic add (99), which was treated with diazomethane. The product was sub- 
55 jected to silicagel column chromatography to give the titled compound (1 00). Yield: 0.43g (48%). 
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11-3) Preparation of methyl (Z)-9-(1R)-[(2R,3R,5S)-2-{3(R.S)-tert-butyldimethylsilyloxy-4,4-difluoroo<rt^ 
rahydropyranyloxy)cyclopentyl]-7-nonenoat6 (101) 

The compourxl (1 00) (0.438g) was converted to ditetrahydropyranyl ether using an excess amount of dihydropyran 
and a catalytic amount of p-toluenesuifonic add in dichloromethane (25ml). The resultant mixture was subjected to si)- 
icagel column chromatography to give the compound (101). Yield: 0.494g (99%). 

11-4) Preparation of methyl (Z)-9-{1 R)-[(2R.3R,5S)-2-(tert4)utyldimethylsily!oxy-3-QxoodyO-3,5-(ditetrahydropyra^ 
lQxy)cyclopentyl]-7-nonenoate (103) 

The compound (101) (0.494g) was dissolved in THF (10ml). Tetrabutylammonlum triftuoride (1.0M, 5.6ml) was 
added to the solution and the resultant mixture was kept overnight. Then the resultant mixture was worked up with the 
conventional procedure to give the deprotected compound (102). Yield: 0.284g (68%). 

The compound (102) (0.284g) was subjected to Swern oxidation using oxalyl chloride (0.165ml) and DMSO (0.3ml) 
in dichloromethane (10ml). The product was subjected to sillcagel column chromatography to give the compound (1 03). 
Yield: 0.251g (89%). 

11- 5) Preparation of methyl (Z-9-(1R)-[(2R.3R.5S)-2-(4,4-difluoro-3-oxooctyl)-3.5-dihydroxycyciopentyl]-7-nonenoate 
(104) 

The compound (103) was dissolved in a mixed solvent (30ml) consisting of acetic acid, water and THF (4:2:1) and 
the solution was kept at 45 to 50''C for 3 hours. TTie resultant mixture was worked up with the conventional procedure 
and the obtained crude product was subjected to silicagel column chromatography to give the titled compound (104). 

Yield: 0.1 37 (76%). 

Compound (72) [Q/=Q2'=F. Rb'-RC=butyl. P3=methyi] 

NMR(CDCl3) 6: 0.92 (t3H.J=7.5Hz). 1.2-2.9 (m.38H). 3.67 (s.3H). 3.70 (q,1H.J=7.5Hz). 4.25 (m.lH). 5.43 (m,2H) 
Preparation Example 12 

Preparation of 2-decarboxy-2-(2-carbQxyethyl)-13,14-dihydro-16,16-difluoro-15-keto-PGE^ (105) [lUPAC nomencla- 
ture: (Z)-9-(1 R)-[(2R.3R,5S)-2-(4.4-difluoro-3-oxooctyQ-3-hydrQxy-5-oxocyclopentyQnonanoic add] 

12- 1) Preparation of benzyl (Z)-9-(1R)-[(2R,3R,5S)-3-{4,4-difluoro-3(R,S)-hydroxyoctyl}-5-hydroxy-3-(tetrahydropyran- 
yloxy)cydopentyl]-7-nonenoate (87) 

The compound (54) [Qi'=Q2'=F, Pi=tetrahydropyranyl, Rb'-Rc'=butyl] (1.09g) was dissolved in acetonitrile (20ml) 
and DBU (2.6 ml) and benzyl bromide (2.2ml) were added to the solution. The resultant mixture was kept at 45''C for 1 
hour and then overnight at 60°C. The resultant mixture was worked up with the conventional procedure and the 
obtained crude product was subjected to silicagel column chromatography to give the titled compound (87). Yield: 
0.213g. 

12-2) Preparation of benzyl (Z)-9-(1R)-[(2R,3R,5S)-2-(4,4-difIuoro-3-oxooctyl-3-tetrahydropyranyloxy)-5-oxocy- 
clopentyl]-7-nonenoate (88) 

The compound (87) (0.213g) was subjected to Swern oxidation using oxalyl chloride (0.23ml), DMSO (0.41ml) and 
triethylamine (0.81ml) in dichloromethane (15ml). The product was subjected to silicagel column chromatography to 
give the titled compound (88). Yield: 0.181g (86%). 

12-3) Preparation of benzyl (Z)-9-(1 R)-[(2R.3R,5S)-2-(4,4-difluoro-3-oxooctyO-3-hydroxy-5-oxocyclopentyl]-7-non- 
enoate (78) 

The compound (88) (0.181g) was dissolved in a mixed solvent (25ml) consisting of acetic add, water and THF 
(4:2:1) and the solution was kept at 45^*0 for 3.5 hours. The resultant mixture was worked up with the conventional pro- 
cedure and the obtained crude product was subjected to silicagel column chromatography to give the titled compound 
(78). Yield: 0.140g(91%). 

(Compound (78) [Qi'=Q2'=F. Rb'-RC=butyl. P3=benzyl] 

NMR(CDCl3) 6: 0.93 (t3H,J=7.5Hz), 1.2-2.8 (m,27H), 4.20 (m.lH). 5.12 (s,2H). 5.2-5.5 (m,2H). 7.35 (m.5H) 
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12-4) Preparation of 9-(1 R)^(2R,3R.5S)-2-(4,4Kjifluoro-3<)xoortyl-3-hydroxy-5K)xocyclopentyi]nonanolc acid (105) 

The compound (78) was dissolved in ethyl acetate (15ml). Palladium on carbon (50mg) was added to the solution 
and shaken under the hydrogen atmosphere. After removing the catalyst by filtration, the filtrate was concentrated and 
the produced aude product was subjected to Lobar column (ODS) chromatography to give the titled compound (105). 
Yield: 0.077g (65%). 

Compound (105) [Qi'=Q2'=F. Rb'-RC=butyl] 

NMR(CDCl3) 6: 0.95 (t,3H,J=7.5Hz), 1.2-2.8 (m.32H), 4.20(m,1H) 

Preparation Example 13 

Preparation of 20-ethyl-2<lecarbQxy-2-(2-carboxyethyl)-13J4<iihydro-16,16K]tfluoro-15-keto-^ isopropyl ester 
(92) [lUPAC nomenclature: isopropyl (2^-9-(1R)-[(2R.3R)-2-(4.4<lifluoro-3-oxodecyl)-3-hydroxy-5-oxocyciopentyl]-7- 
nonenoate] 

The procedure of Preparation Example 6 was repeated except that dimethyl (3.3-dif luoro-2-oxononyl)phosphonate 
was used to give the titled conpound (60). 
Compound (92) [Qi'=Q2'=F, Rb'-Rc'=hexyi. P3=isopropyIJ 

NMR(CDCl3) 6: 0.90 (t.3H.J=7.5Hz), 1.32 (d.6H,J=6Hz), 1.25-2.70 (m.34H). 3.15 (s.lH), 4,20 (m,1H), 5.00 
(Hept,1H.J=7.5Hz) 

Preparation Example 14 

Preparation of 2-decarboxy-2-(2-carboxyethyl)-13. 14-dihydro-15-keto-PGE2 isopropyl ester (78) [lUPAC nomencla- 
ture: isopropyl (Z)-9-(1 R)-[(2R,3R)-2-(3-oxopentyl)-3-hydroxy-5-oxocyclopentyl]-7-nonenoate] 

The procedure of Preparation Example 4 was repeated except that dimethyl 2-oxoheptylphosphonate was used to 
give the titled compound (78). 
Conpound (78) [QV-Q2*=H. Rb'-Rc=butyl. P3=isopropyl] 

NMR(CDCl3) 5: 0.89 (t3H,Js6.6Hz), 1.18 (d,6H.Js6.2Hz), 1.15-3.0 (m.29H). 4.04 (m.lH), 4.99 (hept.lH, J=6.2Hz), 
5.37 (m.2H) 

Formulation Example 1 

(Powders for injection) 





(Parts by weight) 


1 3,1 4-dihydro-l 5-keto-1 6, 1 6-dif luoro-PQEg 


1 


mannitol 


5 


distilled water 


0.4 


The above ingredients were mixed, stirred, sterilized, filtered and 
iyophilized to give powders for injection. 
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Formulation Example 2 
(Injectable solution) 

5 







(Parts by weight) 


10 


1 3. 1 4-dihydro-1 5-k6to- 1 6. 1 6-dif luoro-PGE2 


0.2 




nonion surfactant 


2 




distilled water 


98 


IS 


The above ingredients were mixed and sterilized to give an injecta- 
ble solution. 



20 Formulation Example 3 

13,14<lihydro-15-keto-16,16-difluoro-20-methyl-PGE2 (50mg) dissolved in methanol (10ml) was mixed with man- 
nitol (18.5g). The mixture was screened (with a sieve, the pore size of which being 30 mm in diameter), dried and 
screened again. The powders thus obtained were mixed with fine-grain silica gel (Aerosir» 200g) and filled in No.3 hard 
25 gelatin capsules (100) to give enteric capsules which contain 0.5mg of 13,14*dihydro-15-keto-16,16-difluoro-20-6thyl- 
PGE2 per capsule. 

Formulation Example 4 

30 (Powders for oral administration) 





(Parts by weight) 


13.14-dihydro-15-keto-16.16-difluoro-PGEi methyl ester 


5 


light anhydrous silicic acid 


5 


Abicer 


20 


lactose 


70 


The above ingredients were mixed to give powders for oral administration. 



* Trade Mark 

45 



SO 



ss 



* Trade Mark 
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Formulation Example 5 
(Soft gelatine capsules) 

5 





(Parts by weight) 


13,14-dihydro-6.15<liketo-5.5-clifluoro-PGEi methyl ester 

light anhydrous silicic acid 

Panasate* 


1 

899 
20 


The above Ingredients were mixed and filled in soft gelatine capsules. 



* Trade Mark 



20 Fprm^jlatign Examples 
(Enteric capsules) 

16-desbutyl-13,14-dihydro-15-keto-16-(m-trifluoromethyl)phenoxy-PGF2a (50mg) dissolved in methanol (10ml) 
^ was mixed with mannitd (18.5g). The mixture was screened (with a sieve, the pore size of which being 30 mm in diam- 
eter), dried for 90 minutes at SO^'C and screened again. Ttie powders thus obtained were mixed with fine-grain silica gel 
(Aerosir, 200g) and filled in No.3 hard gelatin capsules (100) to give enteric capsules which contain O.Smg of 13.1 4- 
dihydro-15-keto-16-desbutyI-16-m-trlfluoromethylphenoxy-PGF2a per capsule. 

30 FQrmylatipn Example? 

(Powders for injection) 

35 





(Parts by weight) 


1 3, 1 4-dihydro-1 5-keto-1 6-desbutyl-1 8-m-trif luoromethylphenoxy-PGF2a 
mannit 

distilled water 


1 
5 

0.4 


The above ingredients were mixed and sterilized to give and injectable solution. 



45 



SO 



55 



" Trade Mark 
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Formulation Example 8 
(Injectable solution) 

5 







(Parts by weight) 


10 


13,1 4<Jihydro-6, 1 5-diketo-5R.S-f luoro-PGEi 


0.2 




nonion surfactant 


2 




distilled water 


98 


15 


The above ingredients were mixed and sterilized to give and inject- 
able solution. 



20 Formulation Example 9 

(Powders Ibr oral administration) 

25 





(Parts by weight) 


1 3, 1 4-dihydro-1 5-keto-1 6-desbutyl-1 6-m-trif luoromethylphenoxy-PGF2a 


5 


light anhydrous silicic acid 


5 


Abicer 


20 


lactose 


70 


The above ingredients were mixed to give powders for oral administration. 


* Trade Mark 
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Formulation Example 10 
(Soft gelatine capsules) 

45 





(Parts by weight) 


1 3, 1 4-dihydro-1 5-keto- 1 6-desbutyl-1 6-m-trif luoromethylphenaxy-PGE2 

light anhydrous silids acid 

Panasate* 


1 

899 
20 


TTie above ingredients were mixed and filled in soft gelatine capsules. 



* Trade Mark 
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Formulation Example 1 1 
(Eyedrop) 



13,14-clihydro-15-keto-20-ethyl-PGF2a isopropyl ester 


10 mg 


Physiological saline 


10 ml 


The above ingredients were placed in separate vials and combined for mix- 


ing on use to form an eye drop. 





IS 

In the above formulation examples, the active ingredient can be replaced by any other compound within the com- 
pounds used in the invention. 

Test Example 1 

20 

(Method) 

Male Japanese white rabbits (weight: 2.5-3.2 kg) were used as the test animals. A circular wound was made on the 
surface of the central part of cornea of the left eye using a perforator of 5.5 mm in diameter and the ectocornea within 

25 the circle was removed by rubbing with the top of a cotton swab impregnated with a sterile physiological saline. For 
measuring the degree of restoration of the exfoliated part, a fluorescein-dyeable area was monitored and the time 
elapsed until the dyeable area disappeared was recorded. The test compound was dissolved in the physiological saline 
and administered externally (35 \i\Ieye) to the operated eye five times with intervals of 1 hour on the operated day and 
five times a day with intervals of 2 hours thereafter until disappearance of the dyeable area. The control eye received 

30 the physiological saline only. 

(Results) 

The results are shown in following Table. 

35 



Dose (jxg/eye) 




Time until disappearance of 
dyeable area (hour) 


control eye 
Test Compound 1 


0 

20 


51.3±8.0 
48.0±0.0 


Test Compound 1 : 13,14<lihydro-15-keto-20-ethyl- 
PGF2a isopropyl ester. 



50 (Method) 

Male Japanese white rabbits (weight: 2.5-3.2 kg), allotted 6 for a group, were used as the test animals. A circular 
wound was made on the surface of the central part of cornea of the left eye using a perforator of 5.5 mm in diameter 
and the ectocornea within the circle was removed by rubbing with the top of a cotton swab impregnated with a sterile 
55 physiological saline. For measuring the degree of restoration of the exfoliated part, a fluorescein-dyeable area was 
monitored and the time elapsed until the dyeable area disappeared was recorded. The test compound was dissolved in 
the physiological saline and administered externally (35 jil/eye) to the operated eye five times with intervals of 1 hour 
on the operated day and five times a day witii Intervals of 2 hours thereafter. The fluorescein-dyeable area (%. taking 
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the dyeable area immediately after the operation as 100%) was recorded at 6. 24 and 30 hours from the operation. The 
control eye received the physiological saline only. 

(Results) 

The results are shown in following Table. 



Dose (^g/eye) 




Fluorescein<jyeable area (%) 






6h. 


24h. 


30h. 


control eye 
Test Compound 2 


0 
1 


102.6±3.2 
101.4±1.8 


44.3d2.8 
31.2±4.7 


16.112.7 
a5±1.2 


Test Compound 2 : 13.14-dihydro-15-keto-16.16-difluoro-PGE2. 



From the above results, it can be clearly seen that the test compounds have an activity improving wound-healing in 
20 the experimental corneal wound nmiel. 

Test Example 3 
(Method) 

25 

Male Wistar rats (7 weeks old. weight: 240-280 g) were used as the test animals. An incised wound of about 3 cm 
in the length and reaching to the corium was made on the dorsal skin of the rats. Immediately after, three stitches were 
put in the wound at an equal distance with a thread (hard, No.3). The test compound (about 0.3 g/wound) was applied 
to the wound once immediately after the operation and 2 times (morning and evening) a day thereafter for 5 days. On 

30 day 4. the thread was removed and tensile strength (TS) was measured on day 6. The tensile strength was measured 
as follows. A rectangular piece of the dorsal skin was cut at a distance of 1 cm around the wound. The piece was fas- 
tened at its one edge between iron plates and the opposed edge was allowed to hang down. A thread having a plastic 
container, into which water can be supplied by a pump, was connected at the hung edge as the weight. The tensile 
strength was defined as the weight when the wound was completely opened. The test compound was homogeneously 

35 dissolved at a rate of 8 ^g/g in a jelly base having the following composition. 





propylene glycol 


2.0 g 


40 


cartx)xymethyl cellulose sodium salt 


2.0 g 




sterile water 


96.0 g 



The control animal received the jelly base only. As a reference value, the tensile strength for the non-operated animal 
45 was also measured. 



so 
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(Results) 

The results are shown in the following Table. 

5 



Group 


Number of animals 


Tensile Strength (g)(Mean±SE) 


Increase (%) in TS when 
compared with the control 


Non-operation 


8 


242.6±67.8 




Control 


10 


233.4±44.0 




Test Compound 3 


8 


274.4±37.6 


17.5 



15 

Test Example 4 
(Method) 

20 The procedure of Test Example 3 was substantially repeated except that hydrocortisone (5 mg/kg) was intramus- 
cularly administered to the rats once a day tor 5 days from the day of operation in order to retard spontaneous healing 
of the wound. 

(Results) 

25 



Group 


Number of animals 


Tensile Strength (g)(MeantSE) 


Increase (%) in TS when 
compared with the control 


Non-operation 


11 


304.4±58.4 




Control 


8 


250.3±75.1 




Test Compound 3 


8 


297.6±105.2 


18.9 


Test Compound 4 


10 


289.6±66.7 


15.7 


Test Compound 3 : 
Test Compound 4 : 


13,14-dihydro-16,16-difluoro-15-keto-PGE2 isopropyl est 
13.14-dihydro-16,16<lifluoro-15-keto-PGE2 


er. 



40 

From the above results, it can be clearly seen that the test compounds have an activity improving wound-healing in 
the experimental incision wound model. 

In the following data, NMR spectra were measured in CDCI3 using HITACHI R-90H and mass spectra were meas- 
45 ured by El method at an ionization potential of 70eV using HITACHI M-80B. 

* 1 3.1 4-dihydro-l 5-keto-1 6, 1 6-drf luoro-PGEs 

^H NMR (CDCI3) 6 0.93(t.3H.J=7.5 Hz), 1.20-2.70(m.2H). 4.20 (m.1H), 5.40(m,2H) 
MS (DI-EI) m/z 388{M+). 370(M+-H2O). 352(M*-2H20) 

* 13,14-dihydro-15-keto-16.16-difluoro-PGEi isopropyl ester 

50 ^H NMR (CDCI3) 60.93(t.3H.J=:s7.5 Hz), 1.23(d.J=7.5 Hz). 1.20-2.70(m.26H). 3.15(s.1H). 4.18(m.1H). 5.00(ht.1H.J=7.5 
Hz) 

MS (DI-EI) m/z 432(M*), 414(M*-H20) 

* 13,14-dihydro-15-keto-16,16-drfluoro-PGE2 isopropyl ester 

^H NMR (CDCI3) 6 0.93(t.3H.J=7.5 Hz). 1 .23(d.6H. J=7.5 Hz), 1 .30-2.70(m,22H). 2.78( ,1H). 4.20(m,1H), 
55 5.00(ht.1H,J=7.5Hz) 

MS (DI-EI) m/z 430(M*). 412(M*-H20) 

* 13.14-dihydro-15-keto-16.16-difluoro-19-desmethyl-PGE2 methyl ester 

^H NMR (CDCI3) 6 0.98(t,3H.J=7.5 Hz). 1 .50-2.70(m.20H), 2.94 (s.lH). 3.68(s.3H). 4.20(m.1H), 5.40(m.2H) 
MS (DI-EI) m/z 388(M*), 370(M*.H2O). 357(M+-H20CH30), 355(M+-H20CH3) 



54 



EP0503 887B1 

* 1 3, 1 4-dihydro- 1 5-keto- 1 6. 1 6<lif luoro-1 9-desmethyl-PGE2 

NMR (CDCI3) 6 0.98(t,3H.J=7.5 Hz). 1 .40-2.70(m.22H), 4.20 (m.lH). 5.40(m.2H) 
MS (DI-EI) miz 374(M*), 356(M*-H20). 338(M*-2H20) 

* 13J4KJihydro-15-keto-16,16-difluoro-11-dehydroxy-11-methyl-PGE2 methyl ester 

NMR (CDCI3) 6 0.93(t.3H.J=7.5 Hz), 1.14{d.3H.J=6 Hz), 1,25-2.80(m.22H), 3.63(s.3H). 5.38(m,2H) 
MS (DI-EI) m/z 400(M*). 369(M+-CH30) 

* 13,14-cIihydro-15-keto-16.16-difluoro-PGD2 methyl ester 

^H NMR (CDCI3) 5 0.91(t.3H.J=7.5 Hz). 1 .20-3.20(m.23H). 3.68 {s.3H), 4.44(m,1H,J=1.2 Hz). 5.49(m.2H) 
MS (DI-EI) m/z 402(M*). 384(M*-H20), 353(M+-H20CH30), 

* 1 3,1 4-clihydro- 1 5-keto-1 6. 1 6-dif luoro-20-methyl-PGE2 

^H NMR (CDCI3) 6 0.90(t.3H.J=7.5 Hz). 1 .20-2.70(m.26H). 4.20 (m,1H). 5.41 (m.2H) 
MS (DI-EI) m/i 402(M*). 384(M+-H20), 366(M+-H20). 

* 13,14Klihydro-15-keto-16,16<lifluoro-20-ethyl-PGE2 methyl ester 

^H NMR (CDCI3) 5 0.89(t,3H,J=7.5 Hz). 1.20-2.70(m.26H). 2.93 (S.IH). 3.68(s.3H). 4.20(m.1H). 5.41(m,2H) 
MS (DI-EI) m/z 430(M+). 412(M+-H20), 399(M*-CH30), 381{M+-H20-CH30) 

* 13.14-dihydro-15-keto-1 6. 1 6-clif luoro-20-ethyl-PGE2 

^H NMR (CDCI3) 6 0.94(t.3H,J=7.5 Hz). 1 .20-2.70(m,27H). 4.21 (m.lH), 5.43(m.2H) 
MS (DI-EI) m^ 416(M+). 398(M*-H20). 380(M+-2H2O) 

Claims 

1 . A use of a 1 5-keto-prostaglandin compound for the manufacture of a medicament for promoting healing of a wound. 

2. The use according to claim 1, wherein said 1 5-keto-prostaglandin compound is a 16-mono- or di-halo-1 5-keto- 
prostaglandin compound. 

3. The use according to claim 1, wherein said 1 5-keto-prostaglandin compound is a 13,14-dihydro-16-mono- or di- 
halo-1 5-keto-prostaglandln compound. 

4. The use according to claim 1. wherein said 1 5-keto-prostaglandin compound is a 13.14-dihydro-16-mono- or di- 
f luoro-1 5-keto-prostaglandin compound. 

5. The use according to daim 1 , wherein said 1 5-keto-prostaglandln compound Is a 13,14-dihydro-16,16-dlfluoro-15- 
keto-prostaglandin compound. 

6. The use according to daim 1. wherein said 1 5-keto-prostaglandin compound is a 15-keto-20-all^l-prostaglandin 
compound. 

7. The use according to claim 1 . wherein said 1 5-keto-prostaglandin compound is a 13,14-dihydro-15-keto-20-aikyl- 
prostaglandin compound. 

8. The use according to claim 1, wherein said 1 5-keto-prostaglandin compound is a 13.14-dihydro-15-keto-20-ethyl- 
prostaglandin compound. 

9. The use according to any one of claims 1 to 8 wherein the wound is wound of the cornea. 
PatentansprQche 

1. Verwendung einer 15-Keto-prostaglandinverbindung zur Herstellung eines Medikaments zur Forderung der Hei- 
lung einer Wunde. 

2. Venwendung nach Anspruch 1, wobei die 15-Keto-prostaglandinverbindung eine 16-Mono- Oder -Di-halo-1 5-keto- 
prostaglandinverbindung ist. 

3. Verwendung nach Anspruch 1, wobei die 15-Keto-prostaglandinverhindung eine 13,14-Dihydro-16-mono- oder -di- 
halo-15-keto-prostaglandinverbindung ist. 

4. VenA/endung nach Anspruch 1 . wobei die 15-Keto-prostaglandinverbindung eine 13,14-Dihydro-16-mono- Oder -di- 
fluor-15-keto-prostaglandinverbindung ist. 
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5. Vetwendung nach Anspruch 1, wobei die 15-Keto-prostaglandinverbindung eine 13.14-Dihydro-16.16-difluor-15- 
keto-prostaglandinverbindung ist. 

6. Verwendung nach Anspruch 1, wobei die 15-Keto-prostaglandinverbindung eine 15-Keto-20-alkyl-prostaglandin- 
verbindung ist. 

7. Venvendung nach Anspruch 1, wobei die 15-Keto-prostaglandinverfoindung eine 13.14-Dihydro-15-keto-20-alkyl- 
prostaglandinverbindung ist. 

8. VenA/endung nach Anspruch 1. wobei die 15-Keto-prostaglandinverbindung eine 13,14-Dihydro-15-keto-20-ethyl- 
prostaglandlnverhindung ist. 

9. Venvendung nach einem der AnsprQche 1 bis 8, wobei die Wunde eine Wunde der Hornhaut ist. 
Revendicatlons 

1 . Utilisation d'un d6riv6 de la 1 5-c6to-prostaglandine pour la febrication d*un medicament pour stimuler la cicatrisa- 
tion d'une plaie. 

2. Utilisation selon la revendication 1 , dans laquelle ledit d6riv6 de la 15-c^o-prostaglandine est un d6riv6 de la 16- 
mono- ou di-halo-15-c6to-prostaglandine. 

3. Utilisation seion la revendication 1. dans laquelle tedit d6riv6 de la 15-c6to-prostaglandine est un d6riv6 de la 
l3,14-dihydro-16-mono- ou di-halo-15-c6to-prostaglandine. 

4. Utilisation selon la revendication 1, dans laquelle ledit derive de la IS-c^to-prostaglandine est un d^riv^ de la 
13,14<lihydro-16-mono- ou di-fluoro-15-c6to-prostaglandine. 

5. Utilisation selon la revendication 1, dans laquelle ledit d6riv6 de la 15-c6to-prostaglandine est un d6riv6 de la 
. 13.1 4-dihydro- 1 6, 1 6-dif luoro-1 5-c^o-prostaglandine. 

6. Utilisation selon la revendication 1 , dans laquelle ledit d6riv6 de la 15-c6to-prostaglandine est un d6riv6 de la 15- 
c6to-20-alkyl-prostaglandine. 

7. Utilisation selon la revendication 1, dans laquelle ledit d6riv6 de la 15-c6to-prostaglandine est un d6riv6 de la 
13.1 4-dihydro- 1 5-c6to-20-alkyl-prostaglandine. 

8. Utilisation selon la revendication 1, dans laquelle ledit d6riv6 de la 15-c6to-prostaglandine est un d6riv6 de la 
13,1 4-dihydro- 1 5-c6to-20-6thyl-prostaglandine. 

9. Utilisation selon I'une quelconque des revendicatlons 1 k 8. dans laquelle la plaie est une plaie de la cornde. 
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